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n the recent years, several scholars working on the Himalayan 
‘Ecocrisis’ are in agreement that the forests in the region are suffering 
from severe biotic stress and that the damage ensuing is nearing the 
point of becoming irreversible. The forests are intimately linked with the 
agro-ecosystems in the mountainous areas of the Himalaya and the depletion 
has definite and obvious impacts on the overall socioeconomic and 
agricultural scenario of the entire region. The productivity in agriculture has 
diminished over the years, rain fall has become erratic and lesser in amounts, 
water resources are fast drying up, land instability has increased, top soil 
erosion rate has increased, several species of plants and animals have 
become threatened, adverse climatic changes are in the offing, yield of milch 
cattle is on decline, pollution has become a problem to reckon with and all 
this with its attendant effects have resulted in a decline in the quality of life 
of the people. The future is becoming increasingly uncertain and this has 
given rise to allied social discontentment which is being reflected in various 
socio-political movements taking place (Shah and Pande, 1990). 
 The Himalaya, a young and complex chain of mountains, is well 
known for its floral and faunal diversity, aesthetic, geo-hydrological and 
cultural values. Frequent orographic changes, large-scale surface removals 
I 
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due to geological instability and cyclic climatic changes have greatly 
influenced the floral and faunal communities in these mountains. According 
to the palaeo-climatologists, the Miocene orogeny led to drastic changes in 
the vegetation and the contemporary flora has been almost entirely replaced 
by the modern flora (Vishnu-Mittre 1972, Singh and Singh 1987, 1992). 
Extending for about 2500 km from east to west, the Himalayan arc covers 
more than ten degree of latitudes i.e. 27-38° north and exhibits an interesting 
pattern of rainfall from west to east (increasing gradient) and south to north 
(decreasing gradient). Variation in the rainfall, mean annual temperature and 
altitude are considered key factors governing vegetation types in this region. 
The richness of the species in the Himalayan region is generally attributed to 
variation in climate and habitat types (Rau 1975; Polunin and Stainton 
1984). The temporal and spatial variation in the physical conditions have 
also resulted in interesting patterns of phytogeography characterized by the 
high degree of endemism and localized distribution of certain species (Mani 
1978; Singh and Singh 1987). 
From the past centuries human beings have influenced the forests, 
however, the impact has enormous in recent times. A comprehension 
assessment of the state of world’s forests, recently released by the Food and 
Agricultural Organization of the United Nations (FAO, 2006), indicates that 
total forested area continues to decline significantly. Forests are defined as 
terrestrial ecosystems dominated by trees where the tree canopy covers at 
least 10 percent of the ground area (World Resource Institute, 2000). 
Forests, constituting a dominant and important ecosystem on Earth, provide 
a wealth of goods such as food, timber, fuel-wood, drinking and irrigation 
water, fodder, non-timber products, genetic resources and services, like 
remove air pollutants and release oxygen, cycle nutrients, provide human 
and wildlife habitat, maintain watershed functions and biodiversity, 
sequester atmospheric carbon, provide employment, moderate weather 
extremes and impacts, generate soil, provide recreation, and contribute to 
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aesthetic beauty (Matthews et al., 2000). Once distributed over half the 
planet, forests today cover only about 25 % of the world’s total area, 
excluding Polar Regions. The World Resource Institute (WRI, 2000) has 
estimated that only about 22% of the world’s original (old growth) forest 
cover is intact. Agenda 21 of the Earth Summit held in 1992 clearly stated 
that world over the forests are threatened by uncontrolled degradation and 
conservation to other types of land uses, under the influence of increasing 
human needs, agricultural expansion, and environmentally harmful 
mismanagement, including unsustainable commercial logging, overgrazing 
and unregulated browsing, etc. 
As per Champion and Seth classification 1968 the state of J&K has 
39 forest types which belong to 8 forest type groups viz, Tropical Dry 
Deciduous, Subtropical Pine, Subtropical Dry Evergreen, Himalayan Moist 
Temperate, Himalayan Dry temperate, Sub Alpine Forest, Moist Alpine 
Scrub and Dry Alpine Scrub. Of the total forest area, 90.68 % are under 
coniferous forests and rest is under non-coniferous forests (Forest Statistics 
Division, Srinagar, 2006-07). The forest cover of the State based on 
interpretation of satellite data of Oct 2006-Jan 2007 (Forest survey of India, 
2007) is 22,686 km
2 
accounting for 10.21 % of the States geographical area. 
In terms of forest canopy density classes, the state has 4,298 km
2
 (1.93%) 
very dense forest, 8,977 km
2
 (4.04%) moderately dense forest and 9,411 km
2
 
(4.23%) open forest. Comparison of the current forest cover (Satellite data 
of Oct 2006-Jan 2007 with the previous assessment (Satellite data of Sep –
Dec 2004 shows a loss of 3 km
2
 of forest cover. The change matrix given in 
Table A. reveals that there has been decrease of 3 km
2
 in open forest. Tree 
cover of the State estimated by using sample data of TOF inventory 
collected over a period of six years i.e., 2002-08is 6,764 km
2
 which is 3.04% 
of the geographical area of the state while as total forest cover is 22,686 km
2
 
which is 10.21% of the geographical area of the state.   
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                Table A: Forest cover change matrix                   Area in km2 
2005 Assessment (Data 
of Sep –Dec 2004) 
2007 (Data of Oct 2006-Jan 2007) Total of 
2005 
VDF MDF OF Scrub NF 
Very Dense Forest 4,298 0 0 0 0 4,298 
Moderately Dense Forest 0 8,977 0 0 0 8,977 
Open Forest 0 0 9,410 0 4 9,414 
Scrub 0 0 0 2,036 6 2,042 
Non-Forest 0 0 1 0 197,504 197,505 
Total of 2007 4298 8,977 9411 2,036 197,514 222,263 
Net Change 0 0 -3 -6 9  
  
 Soil and vegetation exhibit an integral relationship, in that soil gives 
support (moisture, nutrient and anchorage) to vegetation to grow effectively 
on the one hand, and on the other hand, vegetation provides protective cover 
for soil, suppresses soil erosion as well as helps to maintain soil nutrient 
through litter accumulation and subsequent decay (nutrient cycling). Hence, 
vegetation and soil are interrelated and provide reciprocal effects on each 
other. Vegetation supports critical functions in an ecosystem at different 
spatial scales. Vegetation strongly affects soil characteristics, including soil 
volume, chemistry and texture, which feed-back to affect various vegetation 
characteristics, including productivity, structure and floristic composition 
(Brant et al., 2006). Soil nevertheless, is fundamental to ecosystem and 
agricultural sustainability and production because it supplies many of the 
essential requirements for plant growth like water, nutrients, anchorage, 
oxygen for roots, moderated temperature (Jamieson et al., 2002; Van Der 
Maarel, 2004). Soil serves a vital function in nature, providing nutrients for 
plant to grow as well as habitat for millions of micro and macro organisms. 
Healthy soil enables vegetation to flourish, releases oxygen, holds water and 
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diminishes destructive storm runoff, breaks down waste materials, binds and 
breaks down pollutants and serves as the first course in the larger food chain 
(Marx et al., 1999; Rodriguez-Iturbe, 2000). The disturbance, compaction 
and degradation of soils impact the soil structure and reduce its ability to 
provide these functions. 
The edaphic factors in a forest ecosystem determine the distribution 
of tree species as well as their functions, competitive ability and 
productivity. The structure, composition, and the nutrient regime of soils are 
the most significant conditions for regeneration and succession dynamics of 
forests (Rozhkov and Karpachevskii, 2006). Forest soils are important for 
maintaining the normal nutrient cycling (Ingham et al., 1986) and make soil 
physico-chemical conditions favorable for plant growth (Bargali et al., 
1998). Soil quality depends on the large number of physical, chemical and 
biochemical parameters that influence biogeochemical processes and their 
spatial variability (Puglisi et al., 2006). Reliable information on spatial 
variability in soil chemical, physical and biological properties in forest 
ecosystems can help in quantifying the impact of forest types and 
management practices on soil and nutrient pools and dynamics in relation to 
soil quality and forest productivity (Xu et al., 2008). 
Forests in general have a greater influence on soil conditions than 
most of the other plant ecosystem types, e.g. by a well developed O horizon, 
moderating temperature and humidity at the soil surface, input of litter with 
high lignin content, but also by high total net primary production and high 
water and nutrient demand (Binkley and Giardina, 1998). Moreover, 
different tree species can differ significantly in their influence on soil 
properties as well as on soil fertility (Augusto et al., 2002). They can differ 
e.g. in quantity and quality of litter input to the soil, the influence on the 
physical soil properties (temperature, water content, pH), the amount of 
atmospheric deposition of S, N and H
+
 in polluted areas, in promoting 
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mineral weathering by exudates and pedogenesis, and in N2 fixation 
(Binkley and Giardina, 1998). 
 Organization of communities is the outcome of the habitat, 
environmental conditions and existing vegetation types. Community 
structure provides data about recognition and definition of different 
vegetation types; their mapping and the study of relationship between plant 
species distribution and environmental controls. Community structure 
analyzes and interprets the plants at different exposures and provides first 
hand information about the vegetation and basis for prediction of likely 
future changes (Mueller Dum-bois & Ellenberg, 1974). 
In forest ecosystems, multiple strata of atmosphere and soil, as well 
as the form of the land, influence the composition and patterns of occurrence 
of the biota as well as there function within ecosystems (biomass 
accumulation, water and nutrient cycling, successional trends). Plants are 
rooted not only in the soil strata but also in the above ground air layers. The 
substantiality of the soil, within its layered structure and related physical and 
chemical properties, is well understood. However, the substantiality and 
stratification of composition, density, temperature, turbidity, and chemistry 
of the soil have largely escaped attention (Rowe, 1961; Woodward, 1987) 
Physical and chemical properties of the soil have been used to 
evaluate the ecological functions of the forest soils and have been 
extensively used to measure soil quality. However, these properties usually 
change very slowly and therefore, significant changes due to disturbance 
occur only over many years. On the other hand, soil biological and 
biochemical properties respond quickly to even small changes in soil 
characteristics, and provide rapid and accurate information regarding 
environmental stress (Garcia et al., 1999), due to their direct role in 
degradation, and strong influence on microbial mediated processes like 
nutrient cycling, nutrient capacity and aggregate stability (Danish et al., 
2004; Puglisi et al., 2006). 
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Since soil and biotic factors are related to each other, change in any 
one of these components might cause change in other associated 
components. The various vegetation community attributes in a forest 
ecosystem, such as, species composition, diversity, distribution, richness, 
etc., affect not only soil physical, chemical and biological properties, but 
also causes change in nutrient cycling, increase soil erosion, limit 
regeneration and loss of watershed function and biodiversity, which may 
result in irreparable disturbance to these forest ecosystem and the interaction 
between edaphic factors and plant communities is not unidirectional but is 
reciprocal in nature (Birkeland, 1974). However, no such study has been 
conducted till date that documents the actual interaction of soil properties 
with plant community structure in Kashmir forests. With the background of 
above contents an attempt was made to carry out a study which will fulfill 
the following objectives: 
a) To estimate nutrient status and physico-chemical features of the soil and 
to evaluate vegetation community organization and synthetic parameters 
of density, species diversity, frequency, richness, etc., of tree, shrub and 
ground floral association. 
b) To try to assess whether soil physical and chemical properties determine 
plant community organization and plant community organization inturn 
affect the soil properties of the study area. 
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he hilly state of Jammu and Kashmir, comprising the subtropical 
Jammu, alpine-temperate Kashmir and arid Ladakh regions, is 
situated in the Western part of the Himalaya. The state of Jammu 
and Kashmir falls within the geographical coordinates of 32
0 
17' to 37
0 05ʹ N 
latitude and 72
0
 31ʹ to 800 20ʹ E longitude. The effective geographical area 
of the state is 101387 km
2
 which accounts for about 42% of the Indian 
Himalaya. The forest cover of the State based on interpretation of satellite 
data of Oct 2006-Jan 2007 (Forest survey of India, 2007) is 22,686 km
2 
accounting for 10.21 % of the States geographical area. In terms of forest 
canopy density classes, the state has 4,298 km
2
 (1.93%) very dense forest, 
8,977 km
2
 (4.04%) moderately dense forest and 9,411 km
2
 (4.23%) open 
forest. As per Champion and Seth classification 1968 the state has 39 forest 
types which belong to 8 forest type groups viz, Tropical Dry Deciduous, 
Subtropical Pine, Subtropical Dry Evergreen, Himalayan Moist Temperate, 
Himalayan Dry temperate, Sub Alpine Forest, Moist Alpine Scrub and Dry 
Alpine Scrub. Of the total forest area, 90.68 % are under coniferous forests 
and rest is under non-coniferous forests (Forest Statistics Division, Srinagar, 
T 
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2006-07). Coniferous forest is the one in which coniferous species of trees 
predominate and occupy 80% or more area. The state ranks 12
th
 in respect of 
area under forest cover. 20,230km
2
 represent the recorded reserved forest 
cover of the state. This is equal to 1% of the state’s geographical area and 2. 
6% of country’s forest area. There are about 2,500 km2 of the pasturelands in 
Kashmir and these constitute 42% of the forest area of Kashmir. More than 
12 animals are grazing per hectare while tolerable threshold is one cattle per 
15 hectares. There is an annual addition of over 50,000 cattle to the already 
existing 30,00,000 animals (Anu Kapoor, 1995). The livestock population of 
J&K as per Livestock census 2003 is 9.90 million. The recorded forest area 
of the state is 20,230 km
2
. Reserved Forest constitutes 87.21%, Protected 
Forest 12.61% and Unclassed Forests 0.18% of the total forest area. About 
two third of the state’s geographical area is under recorded forests, but a 
substantial part of this is not conducive for tree growth being under 
permanent snow, glaciers and cold deserts (Handbook of Forest Statistics, 
J&K Forest Department, 2006). Besides destruction of 23% of the standing 
vegetation by way of cattle trampling the quantum of herbage removal 
significantly exceeds the amount regenerated. There is no scientific 
management of grazing and forestation. Hence research works with the 
background knowledge of environmental sciences are required to be carried 
out in such ecologically sensitive and important areas of the region.  
The present study is being carried out for assessing Edaphic Factors 
and Plant Community Organization in Branwar Forests of Kashmir 
Himalaya. The Present Study area i.e., Branwar  Forest Range lies over and 
above famous tourist area of Yus Marg on one side and Neel Nag Forest 
Lake on the other side. It forms the main hydrologic catchment for the 
famous fresh water stream of Dudhganga in the Pir Panjal Forest Division. 
The stream is important for Trout fish. The Branwar Forest Area is an 
important area of Dudhganga Forest Division and is about 40 km away from 
Srinagar city encompassing an area of about 5148.50 ha which include a 
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sizeable portion of alpine scrub and pasture land. Branwar forest region form 
a compact and linear strip like area, running from south east to north-west in 
length and from north-east to south-west in breadth. The main topographical 
feature of the tract is the Pirpanjal Mountain Range. Towards the foot of the 
mountains fan like projections with flat tops run at a very gentle angle 
towards the valley (karewas). The area is drained by a number of streams 
and nallas, e.g., Dudhganga, Shaliganga, etc. ultimately tributing to river 
Jhelum. All the area is open to grazing and grass cutting except those which 
are closed for the purpose by notification. There is no restriction as 
regarding to cattle grazing in these forests or the distance they come from, 
however browsing by goats in Deodar Forests is prohibited (Forest Plan, 
1988-89). For the last two decades human activities have been on an 
increase in this part of the Dudhganga catchment. Besides being used as a 
heavily grazed range and pasture area it is being utilized for a dam 
construction and power generation. As such environmental monitoring of the 
area becomes imperative. For studying both plant community attributes and 
Edaphic factors of the study area the soil and plant samples are being 
gathered from four different sites 
Four sites were selected in the Branwar forest area in order to study 
the various edaphic factors (physico-chemical properties) and plant 
community organization. The study sites were selected in the forest area 
having same aspect, climate, topography, parent material, vegetation and 
were adjacent to each other so that the sites were comparable. General 
characteristics of the study sites are shown in Table1-2. The satellite 
imagery was obtained from the Department of Remote sensing, Kashmir 
University and are shown in Fig. 1. Other main features for comparison of 
the study sites are as under: 
Site I (Near Village Site) (NS): This site is located near the main 
entrance to the forest area and is the nearest to the village Branwar.
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Site II (Riparian Site) (RS): This is located on the right side of Nalla 
Dudhganga deep in the forest. This site adjoins newly constructed and 
operative small scale hydal power project.  
Site III (Dense forest Site and/or Dam forest site) (DS): This site is 
located in the Protected Dense forest near the newly constructed water 
storage dam for the operation of small scale mini power project. 
 
Site IV (Protected Forest Site) (PS): This site is located in the 
protected forest area. 
Table 1. Monthly rainfall data (mm) of district Budgam during 2010. 
S.No. Months Rainfall (mm) 
01. March         39.2 
02. April         136.3 
03. May           182.1 
04. June          64.4 
05. July         68.9 
06. August      64.7 
07. September      16.6 
08. October  48.0 
09. November 1.2 
10. December 47.4 
11. Mean Monthly Rainfall 66.88 
 
Source: Indian Meteorological Department.  
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Table 2. Characteristics of selected study sites. 
S.No.   Sites Latitude Longitude Altitude 
(masl) 
Tree 
density 
(10m
2
) 
Soil 
type 
Dominant 
tree species 
01. NS (I) 33
052ʹ 11.3ʹʹN 74039ʹ 22.2ʹʹE 2146 2.2 SiL 
Pinus 
wallichiana 
02. RS (II) 33
051ʹ 45.0ʹʹN 74039ʹ 20.6ʹʹE 2181 14.0 ScL 
Abies 
pindrow 
03. DS  (III) 33
050ʹ 36.0ʹʹN 74038ʹ 52.3ʹʹE 2383 21.8 CL 
Pinus 
wallichiana 
04. PS (IV) 33
051ʹ 28.2ʹʹN 74038ʹ 54.6ʹʹE 2318 86.9 CL 
Pinus 
wallichiana 
 
SiL= Silty Loam; ScL=Sand Clay Loam; CL=Clay Loam. 
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Fig. 1. Satellite Imagery showing the different study sites of the 
Branwar Forest. 
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Plate A. Near Village Site (NS). 
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Plate 2. Riparian Forest Site (RS). 
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Plate 3. Dam Forest Site (DS). 
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Plate 4. Protected Forest Site (PS). 
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he field of interrelationships between edaphic factors and Plant 
community organization is relatively new in the science of Ecology 
but still a voluminous literature is available on the subject. 
Literature related to the present study and pertaining to the 
climatic zone has been reviewed under the following headings: 
1. Soil physical properties. 
2. Soil chemical properties. 
3. Phytosociology. 
Soil Physical Properties 
Physical and chemical properties of soils have been used to evaluate 
the ecological functioning of the forest soils. Forest soils are important for 
maintaining the normal cycling (Ingham et al., 1986) and make soil physic-
chemical conditions favorable for plant growth (Bargali et al., 1998). Clear 
cutting affects the distribution and fluxes of the nutrients in the forest 
ecosystems and as a consequence of disturbance, nutrients may no longer be 
T 
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retained within the system, causing problems even for the systems into 
which the nutrients move (Ingham and Coleman, 1984). 
 
 
Temperature 
Chijicke (1980) found that surface temperature beneath forest 
canopies approximated to that of the air, but with the removal of canopy 
surface soil temperature of 25 0C beneath a canopy increased to 50 0C or 
more especially during dry periods. Lyr and Hoffman (1967) reported that 
soil temperature affect root growth and distribution both directly and 
indirectly. According to them, the minimum, optimum and maximum soil 
temperatures for best tree growth vary with species and environmental 
conditions. They found that the minimum soil temperature for root growth 
range from slightly above 0 0C to 7 0C; the optimum from 10 0C to 25 0C, and 
maximum from 25 0C to 35 0C. Shirly (1936) reported that surface-soil 
temperature above 130 0F often prove fatal to conifers seedlings. Soil 
temperature is thought to be one of the important factors controlling the 
distribution of forest types (Pearson, 1936). 
Davidoff and Selim (1998) observed cyclic behavior of soil 
temperature with spatial variation and attributed it to possible differential 
soil compaction. Decker et al. (2003) observed that during the cold snowy 
winter in the Vermont forest, soil under snow had daily average 
temperatures consistently >00C, whereas snow free soil temperatures 
commonly dropped below -30C and concluded that soil temperature in the 
surface soils is directly affected by the air temperature. Soil temperature 
varies from perpetual frost in Polar Regions to about 400C in warm, tropical 
areas and changes with the depth, color, water content of the soil and with 
time of day. Temperature fluctuations are the fundamental entity of the 
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soil environment in the temperate zone. According to Uvarov et al. (2006) 
these fluctuations show fast diurnal and slow seasonal dynamics and 
represent the natural environmental background of ecosystem processes. 
There exists remarkable variation in forest floor soil C stores in 
response to temperature (Hyvonen et al., 2002; Ganuza and Almendros, 
2003; Reth et al., 2005). Within the forest types the temperature has been 
found to explain a considerable proportion of the variation in the carbon 
density of 0-1m mixed soil layers (Liski and Westman, 1997; Raich and 
Tujekcioglu, 2000). Warmer soils and a longer snow free season associated 
with climatic warming have been reported to cause mountainous 
ecosystems to evolve increasing amount of CO2 from all elevations and 
aspects (Kane et al., 2003). Qi and Xu (2001) found that temperature effect 
explained 82% of the temporal variation in CO2 efflux in the coniferous 
forest soils of Sierra Nevada. Certini et al. (2003) also stated that the CO2 
efflux depended more on soil temperature than on soil moisture. Callesen 
et al. (2003) also depicted that mean annual temperature and precipitation 
explained up to 68% of the variation in the soil C in coniferous stands on 
coarse sandy soils. Similarly, Uvarov et al. (2006) observed 73-79% of 
annual variation in CO2 production due to temperature. Giardina and Ryan 
(2000) and Cauteaux et al. (2001) on the other hand pointed out that 
increase in temperature alone will not stimulate the development of forest 
derived carbon in mineral soil. 
Texture 
Wilde (1934) reported that soil texture not only exert an important 
effect upon water relations but also upon aeration as well as the supply of 
nutrients. It profoundly affects the rapidity of the processes of decay of 
organic matter and its retention against leaching. According to him, the 
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nitrogen content of the soils is closely related to its texture. Diebold (1935) 
found that the structure of a soil largely determine its porosity and this in 
turn affect the absorption of water and, therefore, runoff and the constant 
erosion. Buckman and Brady (1967) suggested that the chemical and 
physical properties of soils are largely controlled by clay and humus as it 
acts as the centre of activity around which chemical reactions and nutrient 
exchange occurs. Waisal et al. (1996) found that texture and structure may 
influence rooting through physical impedance and by their influence on soil 
aeration. 
Yadav (1963) noted that the soils developed under pure plantation 
of Cedrus deodara had the highest proportion of coarse sand and the 
lowest amount of silt throughout the depth. Jack pine and hybrid larch 
performed best on silty soil than the red pine and white spruce (Rawinski et 
al., 1980). However, Khan and Tripathi (1989) indicated that soil texture 
had no significant effect on the emergence, survival and growth of 
seedlings of Quercus griffithii, Alnus nepalensis and Schima khasiana. Soil 
texture and structure have shown to influence the growth of forests (Wilde, 
1993; Cornry and Clinch, 1989). 
 Kune and Stotzky (1974) and Makboul and Ottow (1979) reported 
that presence of different types of clays affected an entire array of soil 
factors which inturn influenced the succession and relative proportion of 
specific microbial groups and enzyme activities. Korte et al. (1976) reported 
that soil texture, surface area and the content of hydrous oxides provide 
the most useful information for predicting effectiveness of trace metal 
retention in soils. Silver et al. (2000) reported that the quantity of labile soil 
phosphorus, soil C:N ratio and live and dead pine root biomass in the 0-
10cm soil depth decreased along a gradient from sands to clays, whereas 
the opposite trend was observed for total phosphorus, mineral nitrogen, 
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potential nitrogen mineralization and dentrification enzyme activity. 
Formations of enzyme-clay complexes have also been reported to alter the 
level of enzyme activity (Tietjen and Wetzel, 2003). 
Lahiri and Chakrovarti (1989) observed decrease in clay content with 
gradual increase in altitude (foothills to 3400m) in Himalaya forests. Singh 
and Gupta (1990) reported soil texture to be silty clay loam and silty loam 
in the Lohaul and Spiti cold desert of western Himalaya. Gupta et al. (1986) 
reported the presence of mica, chlorite, smectite, koalinite and mixed layer 
minerals from the soils of Jammu and Kashmir. Besides these clay minerals 
a large number of non-clay minerals like quartz, calcite, microline and 
feldspar have also been reported in some hill soils of Kashmir valley (Dhar 
et al., 2002). 
Mann et al. (1998) reported that surface soil textural differences and 
intense herbaceous competition with whole tree harvesting affected 
adversely pine growth at Clemson (USA) experimental forest. Higher 
amount of clay in the topsoil at the forest site than the deforested site has 
been reported by Hajabbasi et al. (1997). Buschiazzo et al. (2004) and 
Allison and Jastrow (2006) also reported that OM depended mainly on the 
silt and clay content where tree coverage was dense, as clay minerals were 
known to form aggregates with organic molecules. 
Vejre et al. (2003) reported that clay content was found to be 
negatively correlated to C content and positively correlated to N content. 
However, Callesen et al. (2003) found the soil texture to influence the soil-
organic carbon stores in Nordic forest soils. The SOC was shown to 
decrease as the percentage of sand increased (Ganuza and Almendros, 
2003). Hamman et al. (2007) also observed positive correlation of organic 
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carbon with clay content, while C/N ratio was negatively correlated to clay 
and silt content. 
 
 
Moisture 
Besides temperature, soil moisture content is also an important 
factor affecting both physico-chemical and biological properties of soils. 
Powers (1990) showed that in both anaerobic and aerobic field incubations, 
soil temperature and moisture strongly controlled N release. Soil NO3-N has 
been found to increase as soil water filled pore space increased from 0-80 
cm3 and declined rapidly above it, whereas NH4-N concentration increased 
(Zhang and Wienhold, 2002). However, Gurtevik et al. (2004) reported a 
poor correlation of soil temperature and moisture with seasonal patterns in 
net N- mineralization. When temperature was held constant the moisture 
effect explained 84% of the variation in the soil CO2 efflux (Qi and Xu, 
2001). Similar observations were also reported by Reth et al. (2005). 
However, Certini et al. (2003) reported that CO2 efflux depended more on 
air and soil temperature than on soil moisture. 
Craib (1925), while comparing soil moisture in the forest with open 
ground, found a decrease in depth in both habitats. According to him, 
during the dry periods, however, the surface was drier than lower depths in 
the open. Van der Drift (1963) described moisture as one of the most 
important determinants in the decomposition process. According to him 
there has been a lot of inconsistency in the percentage of the moisture 
present in the top and sub-surface levels of soils of all the forest classes, 
which may be due to the dependency of moisture regime of a strand on 
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different biotic and aboitic factors. Brix (1979) reported that soil moisture 
indirectly affect productivity by affecting the nitrogen dynamics of a site, 
including losses by volatilization, leaching and surface run-off as well as 
increasing available nitrogen through mineralization. According to him, the 
forest nutritional status also affects the leaf area and needle retention as 
well as the rate of photosynthesis. 
Whittaker (1965) observed that the distribution of tree, shrub and 
herb diversities has been found to be affected by the presence of different 
soil moisture regimes and infact site quality has been related primarily to 
soil moisture and nutrients (Lowery, 1975). Water holding capacity of soils 
has, on the other hand, been found to depend on the amount of organic 
matter and its subsequent decomposition in surface soils and improvement 
in soil structure (Singhal et al., 1990). High moisture regimes have been 
reported to favor the growth of seedlings in temperate forests (Khan and 
Tripathi, 1989). Singhal et al. (1990) found that soil moisture content (MC) 
was maximum and uniform in the soils under Pinus roxburghii and 
minimum at the fallow land, while variation in MC under different 
vegetations has been related with the nature of litter added and amount of 
soil organic carbon (Arunachalam et al., 1999).  
Jha et al. (2001) studied the moisture distribution pattern in the soils 
under different tree plantations in Mussourie forests and reported 
maximum MC of soil under Shesham (16.23%) and least under barren land 
(10.38%). They also reported temporal changes in MC with depth of the 
soil. However, Fu et al. (2004) observed that soil moisture of shrub land 
was greater than that of other land covers (grassland and farmland) and 
least in reforested land. These differences in the temporal heterogeneity of 
soil moisture content under different land covers were related by James et 
al. (2003) to resource uptake. 
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Bulk Density 
Bulk density influences the root penetration, availability of nutrients, 
water and oxygen for plant, and porosity of soil thereby affecting the 
success of a plant. Zarin et al. (1998) found that median bulk density values 
were lowest for the 0-10cm depth in coniferous forest soils and highest for 
the 10-40cm depth in moorland soils. Bisht and Lodhiyal (2005) reported 
soil bulk density values in the range of 0.95-1.20g cm-3 in the coniferous 
forest of central Himalaya (Kumaon). Eden et al. (1991) reported that bulk 
density increases over time after conversion of forests by clear-cutting or 
burning to pastures. Increase in bulk density after clear-cutting has been 
reported by several workers (Hajabbasi et al., 1997; Schwendenmann, 
2000; Lister et al., 2004) due to susceptibility of the soil to compaction and 
trampling (Wiensozyk, 1992), compaction by logging machinery for forest 
harvesting (Schmidt et al., 1996), and due to the decrease in organic matter 
by reduced litter fall (Bargali et al., 1998). Tate et al., (2004) observed that 
soil surface bulk density was 16 to 22% lower under canopy cover 
compared to open grasslands, and was greater at grazed sites than at non-
grazed sites. Soil bulk density and acidity were found to recover completely 
to those found under forest covers after reestablishment of high elevation 
grassland by Acacia koa in Hawaii (Scoweroft et al., 2004). Shestake and 
Busse (2005) reported that microbial community showed strong resilience 
to compaction, although compaction affected soil physical properties and 
plant growth. 
Soil Chemical Properties 
pH 
Seth (1960) reported that both macronutrients as well as 
micronutrients are influenced by soil reaction (pH) and a normal pH range 
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promotes the most ready availability of plant nutrients. According to him it 
also aids in ion accumulation. Yadav (1968), while studying the physico-
chemical characteristics of some typical soils of Indian forests, showed that 
soils under drier area have higher pH values and are poor in organic matter 
and nitrogen, but possess greater quantities of bases like calcium than soils 
of more humid area. Wollum and Davey (1975) reported good availability 
of nitrogen over a wide pH range, but decreasing below pH 6.0 and above 
8.0, an important reason being adverse effect of pH extremes on soil 
microbes. Verma (1977) reported that black spruce, hemlock, birch etc. can 
grow between 4.4 to 5.5, deciduous forests between 5.5 to 6.9 and 
grasslands between 7.0 and 8.0. 
Gupta (1980) reported that the pH range of Koyhikerh and 
Mecleodganj soil profiles from northwest Himalaya of Kangra reflecting 
good growth of Cedrus deodara was 4.8 to 5.3 and 6.2 to 8.2 respectively. 
The author also found that in case of Pinus roxburghii, it was from 7.1 to 8.3 
for Bankhandi and 5.5 to 6.0 for Norpur soil profile. He also reported that 
Cedrus deodara and Pinus roxburghii have been found to grow well even on 
clay and sand-clay-loam soil of northwest Himalaya. Richter et al., found 
that very dilute soil solutions (conductivity of soil solution of 2mS/m) 
declined by about 0.3 units in pH when measured in a stronger salt solution 
(0.01M CaCl2), where as soils with higher salt concentration (conductivity > 
5mS/m) showed no further effect of added salt on pH. Tilki and Fisher 
(1988) reported that the root tolerance to acidity differs widely among 
plant species, but it appears that many tree species are relatively tolerant 
to acid conditions. 
Takahashi et al. (2001) found that soils in the coniferous forests of 
Japan are mostly acidic. Similarly, pH in the range of 5.5 -6.5 was reported 
by Bisht and Lodhiyal (2005) in coniferous forests of central Himalaya. 
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Falkengren-Grerup (1987) studied the long term changes in soil pH in 22 
forest soils from southern Sweden and observed that the top soil has 
become more acidic probably due to acid deposition. Brackhe (1990) 
reported that atmospheric inputs of H+  to the pine and spruce sites in 
Norway was 695 and 156 mol H+ ha-1 year-1 respectively. Drohan and Sharp 
(1997) also reported reduction in forest soil pH due to acid deposition. 
Blake et al. (1999) depicted that pH decreased from 6.2 - 3.8 in naturally 
regenerated woodland and from 5.2-4.2 in unlimed grassland due to acid 
deposition since 188. Binklay et al. (1989) also reported decrease in soil pH 
of about 0.3 to 0.8 units in 20 years in an old-field plantation of loblolly pine 
but attributed it to reduction in base saturation of the exchange complex. 
Contribution of vegetation through fall to soil pH was studied by Reynolds 
et al. (1989). They reported 3 times greater H- ions flux beneath larch than 
that of Sitka spruce indicating that larch is more acidifying than spruce. 
Inter species differences in soil pH in a mixed forest were also reported by 
Finzi et al. (1998) and Matsuura et al. (2001).  
Menyalo et al. (2002) observed lowest soil pH under scot pine and 
spruce than other two groups’ arollo pine and larch and aspen and birch. 
Similarly, Anderson et al. (2004) also reported that Grand fir and Norway 
spruce acidified soil more than oak and beech. Various studied have shown 
that tree species litter quality changes soil pH differently with increasing 
acidity for coniferous species and decreasing acidity for deciduous and 
herbaceous litter (Sariyildiz et al., 2005; Xu et al., 2006). However, 
application of wood ash (Jacobson et al., 2004) and liming (Hwang and Son, 
2006) to the forest soils had led to the increase in pH significantly. 
Numerous studies have reported on the effect of soil pH on organic 
matter (Insham, 1990; Skyllberg et al., 2001; Raina et al., 2001; Kemmitt et 
al., 2006), soil nutrients (Gilliam and Sample, 1968; Adams and Odum, 
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1985; Berg et al., 1997; Skyllberg et al., 2001; Groffman, 2002), availability 
of trace elements (Kanwar and Tripathi,1986; Singh and Mishra, 1987; Jalali 
et al., 1989; Kaushal et al., 1997; Zasoski et al., 1990; Tyler and Olsson, 
2001)and biochemical properties (Chhonkar and Tarafdar, 1984; Busman 
and Tabatabai, 1985; Gupta and Tripathi, 1986; Deng and Tabatabai, 1997; 
Acosta-Martinez and Tabatabai, 2000; Mabuhay et al., 2004) which 
ultimately affect the growth of plants (Wardle, 1998).  
Organic Matter and Organic Carbon 
 Forest ecosystems contribute a lot of organic matter to soil in the 
form of leaves, twigs, stems, flowers and fruits, which after decomposition 
by microorganisms (Waksmann et al., 1928) result in the formation of 
organic carbon and release of different nutrients (Schnitzer, 1991). The 
nature and amount of organic carbon produced after decomposition of 
litter depends on the dominating tree species present (Vogt et al., 1986; Fu 
et al., 2004; Hobbie et al., 2006) and the characteristics of the area (Liski 
and Westman, 1997; Grisi et al., 1998; Zhong and Qigua, 2001; Cauteaux et 
al., 2001; Koch and Makeschin, 2004), which regulate the physical, chemical 
and biological properties of soils (Trasar-Cepeda et al., 1998). According to 
Lal (2005) the soil organic carbon values in forests soils may range from 0% 
in very young soils to as much as 50% (w/w) in some organic or wetland 
soils, with most soils containing between 0.3 and 11.5% in the surface 20 
cm of mineral soil. 
Jenny and Raychaudhuri (1960) studied organic carbon status in 
Indian soils and reported the effect of climate on carbon reserve in virgin 
and cultivated soils. According to author the soil organic pool remains in a 
steady-state equilibrium under native vegetation cover, but is sensitive to 
anthropogenic activities. McClaughetty et al. (1982) noted that the death 
Department of Environmental Science, University of Kashmir.  40 
 
and decay of live roots contribute a significant amount of organic matter 
directly to the soil in each growing season. Higher organic matter content in 
the soils was found where better tree density and canopy coverage were 
maintained (Gupta and Singh, 1990). Dyck and Skinner (1990) described the 
role of soil organic matter in maintaining soil productivity. The author also 
opined that the quality and quantity of soil organic matter determine the 
performance of the soil engine, just as the fuel in our body. Turner and 
Gessel (1990) also made similar conclusions.  
Verma et al. (1980) observed significant positive correlation of OM in 
different soils with total, available, NH3 and NO3 nitrogen. Gupta et al. 
(1980) found that microbial populations are significantly influenced by the 
soil organic matter content from different soils of Jammu and Kashmir. Rice 
et al. (1996) stated that microbial biomass is the dynamic, living component 
of soil OM. Gressel et al. (1996) in a study of mixed coniferous forest soil 
revealed that phosphorus mineralization was chemically coupled with OM 
decomposition. Deng and Tabatabai (1997) also found that activities of 
phosphatase and arylsulfatase were significantly correlated with OC. 
Similarly, Valeur et al. (2000) also reported significant positive correlation 
between leached amounts of SO4
2- and DOC. 
Vogt et al. (1986) reported great variation in the mean residence 
time of OM in the forest floor of individual stands, with the lowest mean 
residence time of OM the in  forest floor of  tropical broad-leaved 
deciduous and tropical  broad-leaved  leaved semi-deciduous forests, 
where an annual litter fall input decomposed in less than 1 year. According 
to them the annual litter fall input remained on the soil surface from 4 to 
20 years in cold temperate forests and 60 years in boreal forests. Chen et 
al. (2000b) reported that OC was significantly lower in mineral soil under 19 
years old coniferous forest stand compared with adjacent grasslands. Vejre 
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et al. (2003) also reported greater C content (14.6 kg m-2) in spodosols and 
least (8.8 kg m-2) in alfisols. However, Anderson et al. (2004) showed that 
Norway spruce produced higher content of SOM and DOC than Beech, 
Grand fir and Oak. Bargali et al. (1998) found that coniferous forests litter 
had higher C:N ratio than Oak forest litter. Tang (2006) also reported 
highest value of OC (26.6%) in the Surface soils of the mixed forests as 
compared to the evergreen broadleaved forests and coniferous forests in 
Mount Emei, China. 
London (1991) reported that organic carbon and organic nitrogen 
content are widely used as a measure of organic matter quantity and 
quality in a soil, and as a wide measure of the fertility status. According to 
him, the interpretation of the content of organic carbon and organic 
nitrogen is complex, because many other factors influence soil nutrient 
status and soil physical characteristics. Schnitzer (1991) proposed the soil 
organic matter to be a mixture of plant and animal residues in various 
stages of decomposition, the bodies of living and dead micro-organisms, 
and substance synthesized from breakdown products of the above carbon-
containing substances in the soil, except carbonates. Johnson (1992) 
described soil organic matter as a source or sink for atmospheric carbon. 
Stevenson (1994) found that most of soil organic matter is insoluble and is 
bound as macromolecular complex with calcium, iron or aluminum or in 
organo-mineral complexes. According to the author, organic portion of 
these complexes is made up of diverse complex compounds called humus  
Kay (1997) observed the soil organic matter to be important for the 
formation of soil aggregates. According to the author, the organic 
compounds along with fine clays and some amorphous and crystalline 
inorganic compounds, form the cement between mineral grains in soil 
aggregates. Lal et al. (1998 a, b) observed that source-sink relationships of 
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soil carbon are dynamic. The author also found that the temperate forests 
are in general net sink for carbon, as forests reclaim land from agriculture 
uses. Barnes et al (1998) noted that soil organic matter has profound effect 
on a wide variety of physical, chemical and biological properties. According 
to them, soil organic matter contributes to aggregate formation, which in 
turn influences the amount of soil water available to plants. The authors 
reported that soil organic matter functions as a store house of plant 
nutrients. Soil organic matter represents an important weigh station in the 
cycling and storage of nutrients within forest ecosystems (Barnes et al. 
1998). 
Most of the authors have reported increase in OM with altitude in 
Himalayan forests (Chakravati and Chakravati, 1980; Lahiri Chakravati, 
1989; Raina et al., 2001; Jha et al., 2002) due to the increase in rainfall 
which favors luxurious plant growth and low temperatures which decrease 
the rate of organic matter decomposition. Kirschbaum (2000) as well as 
Giardina and Ryan (2002) indicated very small changes in soil organic 
carbon due to climate on a global scale. However, Hyvonen et al. (2002) 
depicted remarkable variation in forest soil carbon stores in response to 
temperature. On the other hand, Collessen et al. (2003) suggested that 
other soil farming factors than climate influences the SOC stores. Lal (2005) 
reported that soil C stock depends on the complex interaction between 
climate, soils, tree species, management and chemical composition of litter. 
Nitrogen 
Nitrogen is an essential element for forest growth, and usually acts 
as a limiting factor for the productivity of forest ecosystems. It is estimated 
that more than 90% of the soil N reserves are in the soil organic pool, and 
acts as a potential source of soil available N through mineralization (Cheng 
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et al., 1987). The processes of N uptake by vegetation and return to soils as 
litter periodically is one of the basic features of forest ecosystems.(Chen et 
al., 2000b). Soil N availability and net N mineralization and nitrification 
rates have been found to vary with tree species composition in temperate 
and boreal forests (Bargali et al., 1998; Zhong and Makeschin, 2004). 
Contrasts among landscape units with different tree species composition 
have been linked to differences in soil organic matter content, litter N 
content, C/N ratios, soil moisture, temperature and topographic position 
(Zak and Grigal, 1991; Devito et al., 1999). 
Waksman et al. (1928) remarked that the nature of friction of 
nitrogen in forest soil has remained very vague, since neither Azotobacter 
nor legume bacteria are found to occur to any extent in these soils 
especially in the ‘’raw humus soils’’. The authors suggested that most of the 
nitrogen in the soils of coniferous forests has been deposited in 
precipitation. Keeney (1980) reported that mineralization of organic soil 
nitrogen to fundamentally linked with forest productivity, and attention is 
shifting from static measures of nitrogen availability to more dynamic 
measure of nitrogen release. Cole (1981) reported that the internal cycling 
of nitrogen from older to younger tissues increases with stand maturity, 
resulting in less nitrogen uptake from the soil to produce the same amount 
of foliage biomass. 
Vitousek (1982) noted that for both coniferous and deciduous 
species, the efficiencies of nitrogen conversion in the production of 
biomass was greater for site of lower than higher fertility status, which he 
attributed to increased re-absorption of nutrients from foliage before 
abscission, and to a greater capacity of foliage on poor sites to fix C per unit 
N compared to foliage from nutrient rich soils. Pagel et al. (1982) reported 
that overall nitrogen balance in tropical soils was greatly dependent on the 
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type and intensity of land use. The authors reported that nitrogen 
mineralization in tropical soils was enhanced by high amount of easily 
decomposable material. 
Vogt et al. (1986) reported that evergreen forests had higher root 
mass and turnover and greater circulation of N in the forest floor. 
According to them one annual litter fall input of N may be retained in the 
forests in floor for more than 20 years in boreal and 10 years in cold 
temperate forests in contrast to less than 2 years for tropical forests. The 
potential N mineralization and nitrification linearly increase with field age, 
and standing crop of plant biomass has been reported to be highly 
correlated to pools and rates of N-cycling (Zak et al., 1990). 
Schreiber et al. (1990) observed that a single storm leached  0.23% 
of the N as NH4
+ and NO3
- from loblolly pine forests. The maximum leaching 
by rainfall would occur with warm temperature and low intensity rainfall 
(Duffy and Schreiber, 1990). Losses of NO3
- were associated with Ca2+ and 
Mg2+ in non acidified soil types and with Al3
+ in the acidified soils (Berg et 
al., 1997). Berg and Verhoef (1998) observed that nitrogen saturated 
coniferous forests in the Netherlands has been transformed into an “open 
flow” system, in which the ammonia is transformed into NO3-N which is 
leached into the ground waters. Papke and Papen (1998) opined that NO 
emitted from the soil to the atmosphere was produced almost exclusively 
in the organic layers of the forest soil. Watmough and Dillon (2004) 
calculated the input and output budgets of nutrients over a 17 years period 
for a coniferous catchment and found that over 80% atmospheric N input 
was retained in the catchment, indicating that this catchment has not 
reached N saturation. In a recent study, Jussy et al. (2004) measurement 
the N deposition, N transformation and N leaching in acid forests soils and 
Department of Environmental Science, University of Kashmir.  45 
 
stated that the amounts of nitrogen annually mineralized and nitrified were 
positively correlated. 
Motavalli et al. (1995) found that allophonic (amorphous clay) soils 
had more total nitrogen than soils with smectitic clays, which exceeded the 
nitrogen in kaolintic or oxic (amorphous sequioxides) clay. According to the 
authors, the mineralizability of nitrogen from each of these different soil 
types was essentially constant; soils with more nitrogen mineralized 
proportionally more nitrogen. 
Paul and Beauchamp (1996) observed no increased net N 
mineralization in the manured soil than in the control or fertilized soil. It 
was pointed out that although mineralization rates were higher in manured 
soil but N immobilization or N losses through denitrification were also 
higher. Recent studies suggest that nitrate added to the soil is immobilized 
rapidly and the processes may include abiotic pathways (Dial et al. 2001). 
Gurtevik et al., (2004) observed that both vegetation and fertilization 
increased field net N mineralization, and there was a strong positive 
interaction between the treatments. They suggested that vegetation 
derived labile C is an important driver for net N mineralization. 
Phosphorus 
Troug (1947) reported that phosphorus is available over a narrower 
range of pH than nitrogen, availability decline above pH 7.5 and below pH 
6.5 with maximum availability at about 6.5. According to him, in acid soils 
(pH less than 5.0), phosphorus in the H2PO4
- form reacts with iron and 
aluminum to form insoluble compounds and above pH 6.0 it reacts with 
calcium to form insoluble calcium phosphate, although there is generally 
not a amount of free calcium in the soil until the pH rises to 7.0 or above. 
As a result of these processes, phosphorus is found only at very low levels 
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in the soil solution and many forest plants depend upon mycorrhizal fungi 
to obtain the phosphorus they need. The author also found that 
phosphorus can exist in a number of organic forms including chelates of 
iron and aluminum phosphate and these may increase its availability to 
plants.   
Johannessen (1958) reported that the soil solution phosphate is 
higher in soils under tree cover than grass when the other soil forming 
factors have been kept relatively constant. Coaldrake and Haydock (1958) 
stated that soil phosphate did not determine vegetation pattern. 
Mandal et al. (1990), while studying the forest sites of the eastern 
Himalaya, reported the distribution of phosphorus fallowed no definite 
trend, though soils at higher altitude showed higher available phosphorus 
content. The authors also found that the content of easily soluble or 
available phosphorus (P2O5) varies in virgin forest soils from 10ppm-
200ppm. Cole et al. (1990) found that the response of a forest to nutrient 
and moisture stresses is reflected in nutritional, physiological and structural 
changes that include efficiency of nutrient use, translocation and cycling of 
nutrients, transpiration, retention of foliage, below-ground and above-
ground allocation of carbon, as well as structural development of the forest 
stand and its growth characteristics. 
In natural ecosystems, the concentration and chemical nature of soil 
organic phosphorus (Po) are mainly determined by a combination of major 
soil forming factors like time, parent material climate topography and 
organisms (Smeck, 1985). The long term dynamics of Phosphorus in the soil 
environment is said to be closely related to the dynamics of organic C, N 
and S (Sood and Kanwar, 1986; Stewart and Tiessen, 1987). The 
combination of physical chemical and biological processes controls the 
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balance between Po immobilization and Po mineralization (Gressel et al., 
1996). Plant not only take up P from the soil but also exert significant 
effects on soil P availability and dynamics through litterfall, root turnover 
and exudation and specific interactions with microbes in the rhizosphere 
(Chen et al., 2004). 
Vogt et al. (1986) observed that mean P concentration did not 
revealed significant difference between the tropical (0.05-0.11%), warm 
temperate (0.06-0.09%), cold temperate (0.01-0.12%) and boreal (0.08%) 
forests. Reynolds et al. (1989) observed that release of P was more under 
Larch than the Sitka spruce. However, Saetre et al, (1999) observed no 
difference in P mineralization rates between mixed and spruce stands. 
Chen et al. (2000a) also observed low Po in coniferous forests stands than in 
the adjacent grasslands. Smal and Olszewska (2008) observed that TP and 
available P content in the humus horizon in forest soils decreased with 
stand age, with higher values in young stands. 
Exchangeable Cations  
The soil nutrients Ca2+, Mg2+, K+ and Na+ are supplied to plants in 
large measures in exchangeable forms which together represent the 
macronutrient pools of the soil. Exchangeable macronutrients are of great 
importance of plant nutrition, and because of their impact on the 
ecosystem health and as good indicators of the ecosystem responses to 
environmental changes such as climate change, acid deposition and other 
human disturbances. Reduction in exchangeable base Cations in coniferous 
forest soils has been reported from North America (Drohan and Sharp, 
1997; Likens and Bormann, 1999; Courchesne et al., 2005). Europe (Egli, 
1998, Blake et al., 1999) and Asia (Takahashi et al., 2001) mainly due to the 
acid deposition, leaching, up take by forest vegetation and forest 
Department of Environmental Science, University of Kashmir.  48 
 
harvesting. Hence decrease in base Cation nutrients is geographically 
widespread. 
Likens et al. (1977) reported that weathering of calcium and 
magnesium bearing minerals represents an important inputs of these 
nutrients in many terrestrial ecosystem, satisfying 35 percent of calcium 
and magnesium required for the annual growth of some temperate forests. 
The author also found that the weathering mineral phosphates of calcium, 
iron and aluminum provide an important source of phosphorus for plant 
growth. Hebel (1995) reported very high amount of exchangeable 
potassium coming from the decomposition of crop residue. According to 
him, the high available potassium under pasture could have been 
contributed by animal waste. 
According to Singh et al. (1984) the status of nutrients in the litter of 
the coniferous forest species (Cedrus deodara, Picea smithiana, Pinus 
wallichiana and Abies pindrow) in the Himalaya is in the order of Ca > N > 
P> K>Na and the highest amount of nutrients is released through the litter 
of C. deodara followed by P. smithiana and least in P. wallichiana. Kaushal 
et al. (1997) also observed that soils under Deodara forests in Northwest 
Himalaya (HP) were  high in available K, Na, Ca and Mg. many authors have 
reported increase in K values with increase in altitude in the Garhwal 
Himalaya (Jha et al., 2002; Dimiri et al., 2006). 
Haghnia and Pratt (1988) evaluated the effect of exchangeable 
magnesium on the accumulation of sodium and potassium in soils. The 
result showed that as the ratio of magnesium to calcium increased the 
exchangeable sodium and potassium were more competitive against 
magnesium than against calcium. Jacabson et al. (2004) reported increase 
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in the base cation content of the humus layer in coniferous forests after 
application of wood ash. 
Nykvist (1998) reported the exchangeable calcium to be only a minor 
part of the total storage of calcium in the soil. According to him, most 
calcium is bound in organic compounds, calcium-containing silicates and 
carbonates. The author also reported that low amount of exchangeable 
calcium in soil from other parts of the world indicates that the calcium 
content of the soil can be an initial factor influencing forest production in 
other rain forest area as well. The main reason for the low content of local 
calcium in the soil is that the bedrock consists of interbedded sandstones, 
siltstones and shales with low calcium contents. 
Watmough and Dillon (2001), While investigating the base cation 
losses from a coniferous catchment in central Ontario, Canada, observed 
that between 1983 and 1998 there was a net loss of 76.3 kg/ha calcium and 
13.7 kg/ha magnesium and a net retention of 55.7 kg/ha potassium. 
Depletion in base cation reserves in soils has been reported to lead to a 
greater fraction of exchange sites occupied by Al and H+ which ultimately 
diminish the forest health and decrease the forest productivity (Roberts et 
al., 1989; Watmough and Dillon, 2004). However Jandl et al (2004) could 
not relate decline in forest health to Ca loss from the soil and suggested 
that trees may access Ca from the sources that are not reflected by the 
concentration of exchangeable Ca, Berger et al. (2009) also reported net 
loss of Ca and Mg in pure as well as in mixed stands of spruce and birch in 
Austria, however, K was retained in this system. They reported that tree 
species composition affects the forest nutrition, atmospheric inputs and 
consequently soil solution chemistry and inputs out puts budgets of 
nutrients. 
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Phytosociology 
Rowe (1961) observed that in forest ecosystems, multiple strata of 
atmosphere and soil, as well as the form of the land, influence the 
composition and patterns of occurrence of the biota as well as their function 
within ecosystems (biomass accumulation, water and nutrient cycling , 
successional trends). Plants are rooted not only in the soil strata but also in 
the above ground air layers. The substantiality of the soil, within its layered 
structure and related physical and chemical properties, is well understood. 
However, the substantiality and stratification of composition, density, 
temperature, turbidity, and chemistry of the soil have largely escaped 
attention. 
Margalef (1963) reported high species diversity as an indication of 
maturity of an ecosystem. The values of diversity index and concentration of 
dominance in the coniferous forests of the Himalaya as reported by Ralhan 
et al. (1982) (0.0-1.93 and 1.0-0.31); Singhal et al. (1986) (0.0-1.65 and 1.0-
0.74); Singh et al., (1991b) (0.86-2.84 and 0.15-0.57) and Devlal and 
Sharma (2008) (1.0-2.07 and 0.13 0.40) falls in the range of values as 
described for other temperate forests. Risser and Rice (1971) reported tree 
species diversity index between 1.69 and 3.40 and concentration of 
dominance in the range of 0.10-0.99 for temperate forests. The lower value 
of diversity and consequently greater concentration of dominance have been 
attributed by Simpson (1964) to the lower rate of evolution and 
diversification of communities, while Connel and Orias (1964) related the 
lower value of diversity to severity in environment. Whittakar (1972) stated 
that the dominance of one stratum might affect the diversity of another 
stratum. 
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Whittaker (1965) observed that tree stratum diversities increase 
from high elevations towards low and that of herbs and shrub species 
showed no clear relation to elevation in the smokies, while in Siskiyou and 
Santa Catalina mountains herb diversities increase from low to middle 
elevation and decrease from there to high elevation. Inspite of variations in 
species composition the forest vegetation in the Himalaya does not change 
markedly with elevation up to 2500m, (Adhikari et al., 1991). Altitudinal 
gradation and related factors were found to explain only 35% of the 
variation in vegetation data (Dolezal and Srutek, 2002). Gairola et al. (2008) 
while studying the forest vegetation pattern along the altitudinal gradient 
in sub alpine zone of west Himalaya recorded the diversity index in the 
range of 0.44-1.55 for trees, 1.05-2.57 for shrubs and 2.40-3.35 for herbs 
and suggested that the mid altitude strata (3000-3200m) may be 
considered as most representative for long term monitoring of forest 
ecosystem elements. 
Javied (1971) gave a detailed account of history of plant exploration 
in Kashmir. The phytogeographical analysis revealed that the flora of 
Kashmir Himalaya contained Cosmopolitan/sub-Cosmopolitan Eurasian, 
Euro-Siberian, Pan Tropical, Mediterranean, Central Asian, Sino-Japanese, 
temperate and localized (restricted) floristic elements. A number of 
workers have reported the floristic diversity of the Kashmir Himalaya. Rau 
(1975) reported 790 species of flowering plants in 260 genera belonging to 
59 families. Bhat (1984) while working on the flora of Gulmarg which is a 
small part of Pir Panjal Range recorded 475 species out of which 466 
species belonging to angiosperms, 4 to gymnosperms and 5 to other 
vascular plants and Kaul (1986) reported 410 species belonging to 251 
genera in only 56 families of angiosperms growing as weeds in Kashmir 
Himalaya. Singh and Kachroo (1994) reported a total of 526 species of 
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vascular plants of which 507 species belonged to angiosperms, 7 species to 
gymnosperms and pteridophytes were represented by 12 species. On the 
basis of their own field study as well as earlier reports, Dar and Naqshi 
(2002) listed a total of 2104 species of vascular plants, belonging to 750 
genera in 150 families and 2000 species of flowering plants to 710 genera 
and 132 families, from the Kashmir region. About 36.5% of the 
alpine/subalpine floral taxa of Kashmir Himalaya (Poaceae excluded) have 
been reported to be endemic, of which about 40% are said to be 
endangered (Dhar and Kachroo, 1983). According to Dar and Naqshi (2001) 
40 taxa are endangered, 55 are rare, 150 are vulnerable and 110 are in 
intermediate category. 
According to Odum (1971) random distribution among plants is 
found in very uniform environments, while regular distribution occurs, 
where severe competition between the individuals exists and contagious 
distribution is the commonest pattern in nature. The distribution pattern of 
most species in the Himalaya has been observed to be random (Saxena and 
Singh, 1982; Singhal et al., 1986 Singhal and Soni, 1989), regular (Singhal 
and Soni, 1989) and contagious (Ralhan et al., 1982; Singh et al., 1991). 
Mueller Dum-bois & Ellenberg (1974) observed that the structure of 
communities is the outcome of the habitat, environmental conditions and 
existing vegetation types. Community structure provides data about 
recognition and definition of different vegetation types, their mapping and 
the study of relationship between plant species distribution and 
environmental controls. Community structure analyzes and interprets the 
plants at different exposures and provides first hand information about the 
vegetation and basis for prediction of likely future changes. Fragmentation 
by human activities results in several major features that affect the 
diversity and abundance of plant species.  First, the forest is sub-divided 
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into relatively, small, more or less isolated patches of differing sizes and 
shapes.  Thus reduction may yield an area to small to provide adequate 
habitat heterogeneity for food supply (Whitcomb et al., 1981). 
Anderson and Swift (1983) reported that large amount of organic 
matter and nutrients can accumulate on the soil surface in cool temperate 
forests, emphasizing the importance of the forest floor in controlling the 
flow of nutrients within these ecosystems. Besides species diversity within a 
given area, one may measure how different or similar arrange of samples is 
in terms of the variety (and sometimes the abundance) of species found in 
them (Magurram, 1988). Forest climate is obviously related to tree growth 
because the crowns and bools live in the air and are affected by it. 
Macroclimate factors have been appropriately used to distinguish among 
major forest regions (Ecoregions working group, 1989; Findlay, 1976). 
Vegetation types are the primary focus in many systems and are especially 
useful where human disturbances are minimal (Meades and Roberts, 1992). 
Billing (1995) observed that Plant richness decrease with both 
increasing elevation and increasing latitude towards the Arctic. Reasons for 
this decrease are long term evolutionary and geographic processes and local 
ecological conditions such as decrease in mean annual and growing seasons, 
temperature, drought stress, and ultraviolet irradiations at high elevations. 
The delineation of forest ecosystems as spatial units and an understanding of 
forest ecosystems along with the functioning of their interconnected parts 
are the objective bases of ecosystem management (Christan et al., 1996). In 
our ages, maintaining the integrity of ecosystems across the landscape, e.g., 
sustaining natural ecosystem processes, is more important than production of 
single crops, be they wood, wild life, or water (Kohm and Franklin, 1997). 
Kawosa (2001) reported that in Jammu and Kashmir Himalaya, Picea 
smithiana together with Abies pindrow showed dominance above 2300m 
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up to 3300m, and C. deodara and P. wallichiana at 1600-2500m, while P. 
roxburghii is dominant in the Siwaliks.  
Pandey (2003) indicated absolute dominance of Pinus roxburghii 
over other broad-leaved species in a mixed Oak-Conifer forest of central 
Himalaya. Kunwar and Sharma (2004) also reported highest dominance of 
Pinus wallichiana, Abies spectabilis, Cedrus deodara and Quercus 
semecarpifolia in two community forests in mid-west Nepal, indicating that 
the study area vegetation is conifer dominant. In the Pashu Vihar, National 
park in Uttarkhand Himalaya, Rawat and Chandhok (2009) reported highest 
density for Picea smithiana and least for Pinus wallichiana; however Taxus 
wallichiana was the least dominant species. 
Smith and Smith (2001) observed that biological regions, like 
ecosystems and biomes, are often measured, and are often named for the 
dominant forms of plant life; hence the terms: grassland, deciduous forests, 
and scrub forests. These names not only describe dominant plant forms; they 
also reflect aboitic factors such as climate, latitude and altitude. However, 
the aforementioned names of communities are quite broad. Biologists can 
describe communities most specifically by naming particular plants in a 
community. Thus, communities are often described by the species or genera 
that are determined to be the most dominant in the community. The 
dominant species can be quantified by calculating statistics know as 
‘importance value’. Rai et al. (2000) studied the diversity and indigenous 
uses of the tree species present in the Pir Panjal Biodiversity Park of the 
BGSB University Rajouri.  
According to Dahdouh et al. (2002) ecological classification and 
grouping of forest habitat was the main subject of forest management since 
of 1980 decade. Many methods had use to classification of forest habitat but, 
they could show the relation of ecosystem components very well. Since, the 
most of them have been used in one component similar to soil or plant 
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vegetation alone. In ecology of vegetation have used of relation between 
species combination and environmental factors to determine ecological 
species groups. Now multivariate methods in systems of ecological 
classification have extensively been used (White and Hood 
2004).Nevertheless, vegetation is a key ecosystem component that is not 
only easily recognisitive ability, but the response to climate, physiography 
and soil factors also (Basiri et al., 2004). Ecological species groups help to 
identify ecosystems and there classification using absent and presence or 
relative cover. This indicator species are useful in local scale (Verlinden and 
Dayot, 2005). 
 Ram et al., 2004 observed that the phytosociological analysis carried 
out in Himalayan region indicated that the Himalayan forest vegetation 
ranged from tropical dry deciduous forests in the foothills to alpine 
meadows above timberline with varying density and dominance of different 
tree species. Ralhan et al. (1982) reported density values ranging from 3.89 
to 16.33 trees/100m
2
 around Nainital (Kumaun hills), while Singhal et al. 
(1986) reported 0.7 to 3.7 trees/100m
2
. Singh et al. (1991) carried out 
phytosociological study of different tree species in Shimla (HP) at four 
slopes. They found that the density varied from 7.83 trees/m
2 
at hill base to 
13.8 trees/m
2
 at upper slope, while as basal caver ranged from 
1515.67cm
2
/100m
2
 to 9895.18cm
2
/100m
2
 respectively. Rawat (2005) while 
investigating the density of woody vegetation along an altitudinal gradient 
from 1700-2100m in Garhwal Himalayas also observed maximum tree 
density for the upper slopes followed by middle and lower slopes. Bisht and 
Lodhiyal (2005) reported less density of trees (43-170 ind. /ha) and saplings 
(123-583 ind./ha) in the reserve forests of Kumaon in central Himalaya than 
other forests types. However, Devlal and Sharma (2008) observed high 
density of trees (117-183 trees/ha) in a temperate forest of Garhwal 
Himalaya suggesting that the present forest in the study area were much 
older. 
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Ecological species groups help to identify ecosystems and there 
classification using absent and presence or relative cover. This indicator 
species are useful in local scale (Verlinden and Dayot, 2005). Application of 
ecological species groups is presentable in ecological classification with 
together application of ecological species groups and environmental factors 
have been differentiating units and give a detailed description of the 
approach, including the field and statistical methods. Some approaches 
identify sites using field keys based upon a few indicator plants, often a 
small subset of the total ground flora (Ajbilou et al., 2006).  
Ecologically, the Himalaya comprises of an outer zone of monsoon 
forest, an inner zone of conifer forest and the Tibetan zone of arid steppe 
along the 3000km long strip with a varying width from 80 to 300 km 
(Wangda and Ohsawa, 2006). From a total of 7 conifer families found world 
over 5 are represented in India. There are about 11 genera and 24 species 
native to India but species of only 4 genera – Abies, Picea, Cedrus and Pinus 
from extensive forests in Indian Himalaya (Dogra, 1987). Kashmir valley is 
located within the north western Himalaya and is having coniferous forests 
in the altitudinal range of 1500 to 3000m with dominance shared mostly by 
three conifers, viz. Cedrus deodara, Pinus wallichiana and Abies pindrow 
(Kawosa, 2001). 
The relationship between biodiversity and ecosystem functioning has 
emerged as a central issue in ecological and environmental sciences during 
the past 15 years (Loreau, 2010). Naeem et al. (1995) reported that loss of 
diversity may affect the biogeochemical processes of ecosystems. Species 
diversity can be one of the several significant factors governing the stability, 
productivity, nutrient dynamics and invisibility of ecosystems (Tilman, 
1999). Diversity loss could have different effects on ecosystem functioning 
depending on the abilities of remaining species to occupy spaces left by taxa 
lost from a system (Tilman et al., 1997). Symstad and Tilman (2001) 
reported that recruitment limitation can affect plant population dynamics and 
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community structure, composition and diversity, which in turn can influence 
ecosystem functioning. Species diversity in a forest is also influenced by 
various factors such as climate, altitude, soil and biotic processes (Bisht and 
Lodhiyal, 2005). However, Kubota et al. (2005) reported that species 
diversity of the subtropical forests fluctuates because of competition 
between the dominant species rather than abiotic conditions such as soil 
properties. 
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HAPTER – 4 
METHODS AND 
MATERIALS  
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he various edaphic factors and floristic aspects of the present study 
were carried out by observing the fallowing protocol. 
 
Physico-chemical features of the soil     
For the determination/evaluation of various soil features, the 
composite surface soil samples were collected. At each site, 10 soil cores 
were obtained randomly at a depth of 0-15 cm with the help of soil corer, 
from spring, 2010 up to spring 2011 at monthly intervals usually during 
middle of the month. The samples were collected 09:00-13:00 hours, mixed 
thoroughly, three replicates from the soil samples were sealed in the thick 
polythene bags and used for further analysis. The soil temperature was 
recorded onsite with the help of soil thermometer (
0
C) and the collected soil 
samples were brought into the laboratory. After air drying and removing 
twigs and pebbles, the soil samples were ground in a pestle mortar and then 
sieved through 2mm mesh sieve to determine the Soil Moisture, pH and 
Conductivity, the sieved samples were stored in the thick quality polythene 
bags for the determination of different soil parameters like Texture, Organic 
Carbon (OC), Organic Matter (OM), loss on ignition (LOI), exchangeable 
T
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cations, Ca, Mg, Na, K., Total Nitrogen and available Phosphorus etc. The 
analysis was done following the standard procedures. 
Physical Analysis  
Temperature 
Soil temperature was measured with the help of a soil thermometer 
provided with a scale graduated from -10
0
C to 50
0
C. Probe of the 
thermometer was inserted 7-10 centimeters deep into the soil in during each 
visit. 
Texture 
The soil texture was determined by Mechanical Sieve Shaker of 
varied mesh sizes ranging from 0.002-2.0. The USDA particle size classes 
Viz., sand (2.0-0.02mm), silt (0.02-0.002mm) and cal (<0.002mm) were 
followed while assigning texture classes (Lemenih et al., 2005)  
Moisture Content 
The soil moisture content was measured by gravimetric method 
which involves weighing a soil sample before and after it is dried at 105-
110
0
C to constant weight in an oven. 20g of soil was weighed in a shallow 
stoppered weighing bottle and the bottle was placed in a drying oven at 
105
0
C for 24 hours without lid. The sample bottle was allowed to cool in 
desiccators. The covered bottle was weighed again and the difference 
between two weights was taken as the quantity of moisture present in the 
soil sample. The percentage of moisture content was calculated as under: 
  
 
Bulk Density 
Bulk Density (BD) is the ratio of the oven-dry mass of the solids to 
the volume (the bulk Volume includes the volume of the solids and of the 
poor space) of the soil. It was analyzed following the method of Gupta 
(2002). Measuring cylinder of 100 ml was weighed and filled with soil with 
continuous tapping of the bottom of cylinder with palm of the hand until soil 
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volume of 100ml was obtained. Then the weight of the cylinder containing 
soil was recorded. The procedure was replicated thrice and average weight 
was taken. The bulk density of the soil samples was calculated by the 
formula: 
 
 
Chemical Analysis 
pH 
The pH of soil samples was measured at 20
0
c with the help of a 
digital Lutron pH-201 pH meter. 25g of air dry soil sample was thoroughly 
mixed with 50 ml of distilled water (1:2 w/v) and pH of the soil samples was 
taken after 30 minutes. The pH meter was calibrated before use with 
Standard pH buffers (pH 4 and pH 7) 
Conductivity 
The conductivity of soil samples was measured at 20
0
c with the help 
of a digital CD-601 Conductivity meter. 25g of air dry soil sample was 
thoroughly mixed with 50 ml of distilled water (1:2 w/v) and conductivity of 
the soil samples was recorded after 30 minutes. The conductivity meter was 
calibrated before use with standard 0.01M potassium chloride solution. The 
results were expressed as uScm
-1
 at 20
0
c. 
Loss on Ignition 
Losses on ignition (LOI) values are used to calculate organic matter 
of soil samples. LOI was determined on the basis of gravimetric weight 
change associated with high temperature oxidation of soil organic matter in 
a muffle furnace. 10 g oven dry soil (>2mm) was heated at 360
0
c for two 
hours in a muffle furnace. Loss on Ignition was calculated by weighing the 
soil sample before and after heating. The loss on ignition was calculated as: 
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Organic Carbon and Organic Matter 
Organic carbon (OC) was estimated by wet combustion method of 
Walkley and Black (1934). The known weight of soil was treated with 
excess standard K2Cr2O7 in presence of concentrated Sulfuric acid. The 
excess K2Cr2O7, not reduced by the organic matter of the soil, was 
determined by back titration with standard ferrous ammonium sulfate using 
diphenylamine indicator. Percentage organic carbon was calculated using 
the following formula: 
 
 
 
Where,  
B=Volume of titrant used for blank. 
 T=Volume of titrant used for sample. 
Since it is assumed that organic carbon recovery by this method is 
only 77%, the Values obtained were multiplied by a correction factor of 1.3. 
Assuming that organic matter contains 58% organic carbon, the organic 
matter was determined from organic carbon by multiplying the values of 
organic carbon with Van Bemmelen factor of 1.724. 
Nitrate Nitrogen 
Nitrate nitrogen was analyzed by phenol-disulfonic acid method 
(Jackson, 1973). Weighed soil samples were extracted in a solution of in a 
solution of 0.01M CuSO4 and AgSO4 and shaken on a mechanical shaker for 
15 minutes. Then Ca (OH)2 and MgCO3 were added to precipitate AgCl and 
after shaking the mixture for further 5 minutes the suspension was filtered. 
20ml of the filtered extract was evaporated to dryness and allowed to cool. 
3ml of phenol-disulfonic acid was added and the sample was allowed to 
stand for 10 minutes until reaction was complete. Then 20ml of distilled 
water was added and flask was swirled gently to dissolve any residue left. 
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Then 6N ammonia solution was added until color developed. Color intensity 
was measured at 420nm on a spectrophotometer against the reagent blank 
solution. The concentration of NO3-N was calculated by reference to a 
calibration graph plotted from the standard nitrate (KNO3) solution. Blank 
were run in the same manner but without soil. 
Calculations:  
 
 
Total Kjeldahl Nitrogen 
The total nitrogen was estimated by Kjeldahl method (Bremner, 
1960). The oven-dried soil sample passed through 0.4mm sieve was digested 
in concentrated H2SO4 in presence of potassium sulphate and copper 
sulphate till the sample turned turquoise. The volume of the digest was 
raised with distilled water. The sample was then distilled along with strong 
alkali (40%NAOH) and the ammonia liberated was absorbed in boric acid-
cum-mixed indicator receiving solution. The receiving solution containing 
ammonium borate was titrated with standard H2SO4 (0.02N). A blank was 
also run side by side and the concentration of nitrogen in the sample was 
determined using the formula: 
 
Where,  
T = Volume of titrant used for the sample. 
B = Volume of titrant used for the blank. 
Available Phosphorus 
Olsen’s method was used to determine available phosphorus in soil 
samples. 2.5g of a soil sample was extracted with 50ml 0.5M NaHCO3 
solution at pH 8.5 by shaking on a mechanical shaker for 30 minutes. 5ml 
aliquot was taken its Ph and was adjusted to 5.0 with dilute H2SO4. Ascorbic 
acid method was used for color development. Intensity of color was 
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measured at 730nm on the spectrophotometer. The concentrations of 
available phosphorus were calculated by reference to a calibration graph 
plotted from the standard phosphorus (KH2PO4) solution. Blanks were run in 
the same manner without soil. 
Exchangeable Calcium and Magnesium 
The exchangeable calcium and magnesium were estimated by 
Versenate EDTA method. The cations were extracted in 1N ammonium 
acetate solution by Centrifugation and decantation method in a 1:10 soil 
extractant ratio. Prior to analysis EDTA was standardized with standard Ca 
solution using both Eriochrome Black Tea (EBT) as indicators. The 
exchangeable calcium and magnesium were calculated by using the 
following formula: 
 
 
 
Where,  
V=Volume of EDTA titrated for the sample (mL) 
B = Blank titration volume (mL) 
R = Ratio between total volume of the extract and extract volume used for   
titration. 
N = Normality of EDTA solution. 
The concentrations were then converted and expressed in cmol (+)/Kg. 
Exchangeable Sodium and Potassium 
The exchangeable sodium and potassium were estimated through 
flame photometry. Soil samples were extracted in 1N ammonium acetate 
solution using the soil: extractant ratio 1:10. The samples were filtered and 
directly measured on flame photometer using K and Na filter. The 
concentrations of K and Na were determined by reference to a calibration 
graph plotted from the standard Na (NaCl) and K (KCl) solutions. Blanks 
were run in the same manner without soil. 
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Plant Community Organization  
Regular botanical surveys were conducted in the study area across all 
the study sites and all the plant species growing at the study sites during 
different months were collected and carried to the laboratory. The plant 
material was processed using standard herbarium techniques. 
Vegetation Analysis 
The plant community organization studies were conducted by 
stratified sampling technique using quadrats of different convinces as 
sampling units of different vegetational strata (trees, shrubs and herb strata). 
For tree canopy it was 10m×10m; for shrubs it was 5m×5m while for herb 
stratum it was 1m×1m. In the present study, trees in seedling or sapling 
stages at each quadrat were also counted as trees. The design used for 
sampling of trees, shrubs and herbs is presented in fig. 2. 
The vegetation data were further computed for frequency, density and 
abundance following Curtis and McIntosh (1950). The relative values of 
frequency, density and dominance were determined as per Phillips (1959). 
These values were summed to represent IVI (Importance Value Index) of 
individual species in order to express the dominance and ecological success 
of the species (Curtis, 1959). The ratio of abundance to frequency (A/F 
ratio) for different species was calculated to elicit the distributional pattern 
of the species (Whitford, 1949). This ratio indicates regular (0.025), random 
(0.025-0.05) and contagious (>0.05) distributions, thus for this Curtis & 
Cottam (1956) was fallowed.  
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                                Trees (10m×10m) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Trees (10m×10m) 
 
Fig. 2. Schematic representation of different quadrats studied. 
 
 
 
 
Density and Relative Density 
Shrubs (5m× 5m) 
 
Herbs 
1m×1m 
 
Herbs 
1m×1m 
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The Density and Relative Density were calculated by the following 
formulae:  
 
 
  
 
Frequency and Relative Frequency 
The Frequency and Relative Frequency were determined by the 
following formulae: 
 
 
 
 
 
Abundance and Relative Abundance 
The Abundance and Relative Abundance were worked out by the 
following formulae; 
 
 
 
 x 100 
 
 
 
Importance Value Index 
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 The Importance Value Index (IVI) was calculated by using the 
following formula: 
Important Value Index (IVI) = RF + RD + RA 
Where,  
    RF = Relative Frequency 
    RD = Relative Density 
    RA = Relative Abundance 
 
Species Diversity 
 Species Diversity was computed by using Shannon and Weiner’s 
Information Index (Shannon-Weiner, 1963) given as: 
 
 
Where,   
          H
'
 = Index of species diversity 
  ni = Density of one species 
  N = density of all species 
  e = Base of natural logarithm = 2.030 Log 10 (ni/N) 
  = Addition of the expression for values of I from i=1 to S 
 
Index of Dominance 
 Index of Dominance (C) was calculated according to Simpson (1949), 
with the formula given below: 
 
  Where,  
     ni = importance Value of one species 
     N = importance Value of all species 
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Index of Richness  
 The species Richness or the Variety component (R) was determined 
using Menhinick Index (Menhinick, 1964) as:   
 
 Where, 
  S = Number of species 
  N = Number of individuals of all the species.  
 
Index of Evenness 
 The Species Evenness or the Equitability Component (E) was 
determined after Pielou (1975) as: 
 
 Where, 
  H
'
 = Shannon-Weiner Index of diversity 
  H Max = Log2 S (S= number of species) 
 
Index of Similarity 
 The index of Similarity (S) was calculated following Sorensen (1948) 
to compare the forest of two stands as: 
 
 
 
Where A and B represent the number of species in forest stand A and B 
respectively, and C is the number of species common to both stands.  
 
 
Biotic Impact 
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Deforestation 
  The impact of deforestation was studied in terms of Importance Value 
Index (IVI) of trees at all the study sites. The relative values were summed 
up to determine the IVI of each tree species and thus the deforestation 
estimation. 
Primary Productivity of herbaceous Vegetation 
  The estimation of primary productivity and intensity of grazing were 
estimated by biomass analyses using harvest method. For this purpose, the 
quadrats of definite size (40×40 cm
2
) were laid randomly at all the study 
sites during different seasons of the year. From each quadrat, the above 
ground parts (live as well as dead) of all the plants were clipped by using 
scissors and the material was dried to constant weight at 105
0
C. The 
difference in productivity values are explained on the grounds of effect of 
grazing (biotic factor) in the area under study. 
 
 Where,  
  W2 = is the dry weight at time t2 
  W1 = is the dry weight at time t1 
 
 
 
 
 
 
 
 
 
 
 
 
Department of Environmental Science, University of Kashmir.  71 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER – 5 
RESULTS  
 
 
 
 
 
 
 
 
 
 
 
 
 
Soil Analysis 
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A detailed study of the physico-chemical characteristics of soil in 
Branwar forest division was conducted during spring 2010 through various 
seasons till spring 2011 and the results of various features of soil analysis 
are depicted in Tables 3-18 and Figures 3-18. 
Temperature 
 Soil temperatures varied across different Seasons at all the study sites 
and the values are depicted in Table 3. The mean soil temperatures during 
the study period were different at all the study sites being highest at riparian 
forest site (10.8
0
C) and lowest at dam forest site (9.36
0
C) (Table 3). 
Maximum soil temperature was recorded at riparian site (19.5
0
C) during 
summer and minimum was recorded at protected forest site (3.5
0
C) during 
winter. The soil temperatures were highest in summer followed by spring, 
autumn and lowest in winter season at all study sites. 
Texture 
The percentage of sand, silt and clay at different study sites is shown 
in Table 4 and Fig. 4. Variation in the percentage of sand, silt and clay was 
observed across the study sites. The highest percentage (55%) of sand was 
present at riparian forest (RS) site and the lowest (28%) at protected forest 
(PS) site. Highest of (45%) silt was present at near village forest (NS) site 
and lowest of (27%) at riparian forest (RS) site. Similarly the clay content 
ranged from a minimum of 18% for riparian forest soil (RS) and a maximum 
of 40% for the soil for protected forest site (PS). The soils varied in texture 
from silty loam to clay loam, the textural class was clay loam for both the 
dam forest (DS) and protected forest (PS) sites. 
Moisture Content (%) 
 Soil moisture content of the soil samples during the study period 
across all the study sites varied and is depicted in Table 5 and Fig. 5. The 
mean values of moisture content were highest for protected forest (PS) site 
(34.29%) followed by riparian forest (RS) site, dam forest (DS) site and least 
at near village (NS) site (25.21%). The maximum moisture content of 
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42.87% was recorded for protected forest (PS) site during spring and 
minimum of 24.21% was recorded for riparian forest (RS) site during 
winter. The percent moisture content values were highest during summer 
followed by spring, autumn and lowest in winter season at all study sites.  
Bulk Density 
 Soil bulk density values varied across different Seasons at all the 
study sites. The mean soil bulk density differed at the study sites with 
highest for protected forest (PS) site (1.09 g/cm
3
) and lowest for riparian 
forest (RS) site (0.95 g/cm
3
). The maximum soil bulk density was recorded 
for protected forest (PS) site (1.18 g/cm
3
) during spring, 2011 and minimum 
was recorded for near village (NS) site (0.68 g/cm
3
) during autumn (Table 6 
and Fig. 6). 
pH 
 Soil pH values varied significantly across different study sites and are 
shown in Table 7. The pH values at all the study sites were slightly acidic 
(Fig. 7). The mean soil pH values differed at various study sites with highest 
for riparian forest (RS) site (6.34) and lowest for protected forest (PS) site 
(5.77). Moreover, seasonal variation in pH values was also observed during 
the present study. The highest pH of 6.71 was recorded for near village (NS) 
site during the winter and the lowest value of 5.48 was recorded for the soil 
of protected forest (PS) site during spring.  
Conductivity (µS/cm) 
 Soil conductivity values also varied across different study sites. The 
mean soil conductivity values were higher at protected forest (PS) site 
(200.4 µS/cm) than at dam forest (DS) site (187.6 µS/cm) and at near village 
(NS) site (180.6 µS/cm) and lowest values were found at riparian forest (RS) 
site (179.2 µS/cm) during study period. The conductivity values also varied 
with respect the seasons across the study sites. The highest conductivity 
values of 220µS/cm and 213µS/cm were recorded in spring season at near 
village (NS) site and protected forest (PS) site, while lowest conductivity 
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value of 147µS/cm and 156µS/cm were recorded in autumn and winter 
seasons at near village (NS) site and riparian forest (RS) site (Table 8 and 
Fig. 8). 
Loss on Ignition (%) 
 Soil loss on ignition (LOI) values used to obtain organic matter 
content of the soil at different study sites were highest for the samples of 
protected forest (PS) site (12.80 %) in autumn and lowest for riparian forest 
(RS) site (4.26%) in winter season. There was difference in mean values of 
LOI across all the study sites during the study period. The mean LOI values 
were highest for protected forest (PS) site (11.82%) followed by dam forest 
(DS) site (9.75%), near village (NS) site (9.37%) and least at riparian forest 
(RS) site (5.66%). LOI values also varied with respect to the seasons across 
the study sites during the study period (Fig. 9). LOI values were highest in 
autumn and summer fallowed by spring and winter season (table. 9). 
Organic Carbon (%) 
 Soil Organic Carbon (SOC) varied across different study sites and is 
shown in Table 10. The soil organic carbon content for near village (NS) site 
and riparian forest (RS) site was less than the dam forest (DS) site and 
protected forest (PS) site (Fig. 10). The SOC values ranged between a 
minimum of 1.98% for the samples of riparian forest (RS) site in spring, 
2010 and a maximum of 7.8% for the samples of protected forest (PS) site in 
autumn during the study period. The SOC values also showed a variation at 
all the study sites during the study period (Fig. 10). The mean SOC value 
was highest for protected forest (PS) site (6.94%) followed by dam forest 
(DS) site (5.29%), near village (NS) site (3.20%) and lowest for riparian 
forest (RS) site (2.62%). However, there was less variation in SOC values 
between summer and autumn and between spring and winter seasons across 
all the study sites. 
 
Organic Carbon (%) 
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 Seasonal variation in Soil Organic Matter (SOM) values are depicted 
in Table 11. SOM values followed almost the same trend as SOC values. 
The SOM values varied between a minimum of 3.41 for riparian forest (RS) 
site in spring, 2010 and a maximum of 13.58% for protected forest (PS) site 
in autumn. The SOM values also showed a variation at all the study sites 
during the study period (Fig. 11). The mean SOM values were highest for 
protected forest (PS) site (11.97%) followed by dam forest (DS) site 
(9.12%), near village (NS) site (5.52%) and lowest for riparian forest (RS) 
site (4.52%). However, there was less variation in SOM values between 
summer and autumn and between spring and winter seasons across all the 
study sites. 
Nitrate Nitrogen (NO3-N)-(µg/g) 
 Seasonal variation in Nitrate Nitrogen (NO3-N) values at the various 
study sites are depicted in Table 12. The soil NO3-N values ranged from a 
minimum of 13 µg/g for riparian forest (RS) site in spring, 2011 and a 
maximum of 54 µg/g for protected forest (PS) site in summer. The soil NO3-
N values also showed a variation at all the study sites (Fig. 12).  The mean 
NO3-N values was highest for protected forest (PS) site (40.6) followed by 
dam forest (DS) site (36.4), near village (NS) site (20.4) and lowest for 
riparian forest (RS) site (13.2). The NO3-N values during the study period 
across all the study sites were generally higher during summer season 
followed by spring, autumn and minimum was recorded in winter season. 
Total Kjeldahl Nitrogen (%) 
 Changes in Total Kjeldahl Nitrogen (TKN) values are presented in 
Table 13. TKN values ranged between a minimum of 0.10% for riparian 
forest (RS) site in winter to a maximum of 0.33% for protected forest (PS) 
site in summer season (Fig. 13). Samples of riparian forest (RS) site 
contained the highest and riparian forest (RS) site had lowest TKN values in 
all the seasons. The mean annual % content of TNK was found to be highest 
for protected forest (PS) site  (0.30±0.02) followed by dam forest (DS) site 
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(0.258±0.038), near village (NS) site (0.252±0.034) and the lowest for 
riparian forest (RS) site (0.12±0.02). The TKN values were in generally 
higher towards spring and summer season followed during autumn and 
winter seasons across the various study sites. 
Available Phosphorus (µg/g) 
 The mean available phosphorus concentration was found to be 
highest for protected forest (PS) site (18.4) followed by dam forest (DS) site 
(16.6), near village (NS) site (12.0) and lowest for riparian forest (RS) site 
(10.6). The available phosphorus values ranged from a minimum of 6.0 for 
riparian forest (RS) site in spring, 2010 to a maximum of 22 for protected 
forest (PS) site and dam forest (DS) site in autumn during the study period. 
The depiction of available phosphorus values is given in Table 14 and 
represented by Fig. 14.  
Exchangeable Calcium (cmoles(+)/kg) 
Variation, in soil exchangeable calcium values are depicted in Table 
15. The soil exchangeable Ca varied between a minimum of 12.40 
cmoles(+)/kg for riparian forest (RS) site in spring, 2010 and a maximum of 
19.60 cmoles(+)/kg for near village (NS) site in autumn. The variation of the 
values is represented as in Fig. 15. The mean exchangeable Ca content was 
highest for protected forest (PS) site (17.84) followed by near village (NS) 
site (17.25), dam forest (DS) site (16.20) and lowest at riparian forest (RS) 
site (13.30). The exchangeable Ca values across all the study sites was 
generally higher in autumn season followed by summer, winter and 
minimum was recorded in spring season. 
Exchangeable Magnesium (cmoles(+)/kg) 
 The soil exchangeable magnesium values are depicted in Table 16. 
The soil exchangeable Mg ranged from a minimum of 3.10 for riparian 
forest (RS)  site in spring, 2010 to a maximum of 6.23 for by near village 
(NS) site in autumn. The soil exchangeable Mg values were variable site 
wise Fig. 16. 
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The mean exchangeable Mg value was highest for the soil samples of 
protected forest (PS) site (5.29) followed by near village (NS) site (4.86), 
dam forest (DS) site (4.46) and lowest for riparian forest (RS)  site (3.74). 
The soil exchangeable Mg values during the study period across all the study 
sites were in general higher in autumn season followed by summer then 
winter and minimum were recorded in spring season samples. 
Exchangeable Sodium (mg/kg) 
 The Exchangeable Na values were minimum of (92 mg/kg) for the 
samples of near village (NS) site during spring, 2011. A maximum of 152 
mg/kg were estimated for protected forest (PS) site during summer. The soil 
exchangeable Na values also exhibited a site wise variation (Fig. 17). The 
mean values was highest for protected forest (PS) site 135.4 followed by 
131.0 for the samples of dam forest (DS) site, 104.4 for near village (NS) 
site and lowest of 104.2 for riparian forest (RS) site The soil exchangeable 
Na values during the study period across all the study sites were in general 
higher during autumn and summer seasons followed by spring and minimum 
were recorded in winter season (Table 17). 
Soil Exchangeable Potassium (mg/kg) 
 The soil exchangeable K values (Table 18) varied from a minimum of 
86 mg/kg for near village (NS) site during spring, 2010 to a maximum of 
136 mg/kg for protected forest (PS) site during summer. These also showed 
variations in respect of sites (Fig. 18). The mean exchangeable K value 
represented by 125.4 were highest for protected forest (PS) site followed by 
that of 122.8 for the composite surface samples of dam forest (DS) site. The 
other values were 103.0 and 93.8 for riparian forest (RS) site and near 
village (NS) site respectively. 
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Table 3. Soil temperature (
0
C) at different study sites during different 
seasons of 2010-11. 
S. No. Sites Spring  Summer Autumn Winter Spring Mean S.D. 
01. NS 11.5 17.3 8.6 6.5 9.0 10.58 4.15 
02. RS 13.0 19.5 9.4 4.6 7.5 10.80 5.74 
03. DS 10.0 16.4 8.8 4.2 7.4 9.36 4.49 
04. PS 12.0 16.2 8.1 3.5 7.8 9.52 4.79 
 
 
 
Fig. 3. Seasonal variation in soil Temperature (
0
C) at different study 
sites during 2010-11. 
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Table 4.  Percentage of Sand, Silt and Clay in soils of different study 
sites. 
S. No. Sites Sand Silt Clay Texture 
01. NS 33 45 28 SiL 
02. RS 55 27 18 ScL 
03. DS 30 40 30 CL 
04. PS 28 32 40 CL 
SiL= Silty Loam; ScL=Sand Clay Loam; CL=Clay Loam 
 
 
Fig. 4. Variation in percentage of Sand, Silt and Clay in soils of different 
study sites. 
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Table 5. Soil Moisture Content (%) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 31.78 21.00 24.25 18.33 30.67 25.21 5.894 
02. RS 38.5 37.98 28.34 24.21 32.20 32.25 6.161 
03. DS 36.22 30.21 24.50 28.21 30.56 29.94 4.257 
04. PS 42.87 36.78 26.38 30.54 34.86 34.29 6.26 
 
 
 
 
 
Fig. 5.  Seasonal variation in soil moisture content (%) at different study 
sites during 2010-11. 
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Table 6. Soil Bulk Density (g/cm
3
) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 1.15 0.98 0.68 1.02 1.12 0.99 0.18 
02. RS 1.03 0.99 0.72 0.96 1.08 0.95 0.13 
03. DS 1.05 1.00 0.98 1.09 1.12 1.04 0.05 
04. PS 1.16 1.05 0.96 1.14 1.18 1.09 0.09 
 
 
 
 
Fig. 6. Seasonal variation in soil Bulk Density (g/cm
3
) at different study 
sites during 2010-11. 
 
 
Table 7. Soil pH at different study sites during different seasons of  
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2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 6.13 5.81 6.67 6.71 6.04 6.27 0.39 
02. RS 6.19 6.39 6.63 6.65 5.87 6.34 0.32 
03. DS 5.82 6.05 5.88 5.92 6.00 5.93 0.09 
04. PS 5.48 5.60 6.13 5.92 5.72 5.77 0.25 
 
 
 
 
Fig.7. Seasonal variation in soil pH at different study sites during  
2010-11. 
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Table 8. Soil Conductivity (µS/cm) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D 
01. NS 213 181 147 162 200 180.6 26.93 
02. RS 205 182 163 156 190 179.2 19.94 
03. DS 170 206 183 190 189 187.6 13.01 
04. PS 220 174 200 195 213 200.4 17.81 
 
 
 
 
Fig. 8. Seasonal variation in soil Conductivity (µS/cm) at different study 
sites during 2010-11. 
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Table 9. Soil Loss on Ignition (%) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 9.26 10.34 9.60 9.15 8.50 9.37 0.67 
02. RS 5.68 6.18 6.56 5.65 4.26 5.66 0.87 
03. DS 9.24 9.87 10.60 9.62 9.45 9.75 0.52 
04. PS 10.98 12.63 12.80 12.04 10.67 11.82 0.96 
 
 
 
 
Fig. 9. Seasonal variation in soil Loss on Ignition (%) at different study 
sites during 2010-11. 
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Table 10. Soil Organic Carbon (%) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 2.87 3.10 3.96 3.26 2.85 3.20 0.45 
02. RS 1.98 2.38 3.58 3.02 2.16 2.62 0.66 
03. DS 4.82 5.27 6.00 5.27 5.12 5.29 0.43 
04. PS 6.47 6.80 7.80 7.30 6.35 6.94 0.60 
 
 
 
 
Fig. 10. Seasonal variation in soil Organic Carbon (%) at different 
study sites during 2010-11. 
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Table 11. Soil Organic Matter (%) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 4.94 5.34 6.83 5.62 4.91 5.52 0.78 
02. RS 3.41 4.10 6.17 5.21 3.72 4.52 1.14 
03. DS 8.30 9.08 10.34 9.08 8.83 9.12 0.74 
04. PS 11.15 11.72 13.45 12.58 10.95 11.97 1.04 
 
 
 
 
Fig. 11. Seasonal variation in Soil Organic Matter (%) at different study 
sites during 2010-11. 
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Table 12. Soil Nitrate Nitrogen (µg/g) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 22 26 20 16 18 20.4 3.84 
02. RS 15 18 12 08 13 13.2 3.70 
03. DS 40 48 36 24 34 36.4 8.76 
04. PS 45 54 44 28 32 40.6 10.52 
 
 
 
 
Fig. 12. Seasonal variation in soil Nitrate Nitrogen (µg/g) at different 
study sites during 2010-11. 
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Table 13. Soil Total Kjeldhal Nitrogen (%) at different study sites 
during different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 0.20 0.24 0.27 0.29 0.26 0.25 0.03 
02. RS 0.14 0.16 0.12 0.10 0.12 0.12 0.02 
03. DS 0.22 0.23 0.32 0.26 0.26 0.25 0.03 
04. PS 0.31 0.33 0.30 0.27 0.30 0.30 0.02 
 
 
 
 
Fig. 13. Seasonal variation in soil Total Kjeldhal Nitrogen (%) at 
different study sites during 2010-11. 
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Table 14. Soil Available Phosphorus (µg/g) at different study sites 
during different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 08 10 14 12 16 12.0 3.16 
02. RS 06 11 12 10 14 10.6 2.96 
03. DS 10 14 22 20 17 16.6 4.77 
04. PS 17 19 22 16 18 18.4 2.30 
 
 
 
 
Fig. 14. Seasonal variation in soil Available P (µg/g) at different study 
sites during 2010-11. 
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Table 15. Soil Exchangeable Ca (cmoles(+)/kg) at different study sites 
during different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 16.20 18.30 19.60 16.25 15.90 17.25 1.62 
02. RS 12.40 14.02 16.70 15.15 13.30 14.31 1.67 
03. DS 13.63 15.24 18.63 16.85 16.20 16.11 1.85 
04. PS 17.04 18.85 19.58 16.43 17.31 17.84 1.31 
 
 
 
 
Fig. 15. Seasonal variation in soil Exchangeable Ca (cmoles(+)/kg)  at 
different study sites during 2010-11. 
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Table 16. Soil Exchangeable Mg (cmoles(+)/kg) at different study sites 
during different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 4.12 5.83 6.23 4.20 3.92 4.86 1.08 
02. RS 3.10 4.02 4.26 3.73 3.63 3.74 0.43 
03. DS 3.98 3.84 5.94 4.46 4.08 4.46 0.85 
04. PS 4.85 6.12 6.18 4.38 4.94 5.29 0.81 
 
 
 
 
Fig. 16. Seasonal variation in soil Exchangeable Mg (cmoles(+)/kg)  at 
different study sites during 2010-11. 
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Table 17. Soil Exchangeable Na (mg/kg) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 96 116 118 100 92 104.4 11.86 
02. RS 112 106 117 96 90 104.2 11.14 
03. DS 130 138 128 132 127 131.0 4.35 
04. PS 140 152 135 126 124 135.4 11.34 
 
 
 
 
 
Fig. 17. Seasonal variation in soil Exchangeable Sodium (mg/kg) at 
different study sites during 2010-11. 
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Table 18. Soil Exchangeable K (mg/kg) at different study sites during 
different seasons of 2010-11. 
S. No. Sites Spring Summer Autumn Winter Spring Mean S.D. 
01. NS 86 82 110 102 89 93.8 11.75 
02. RS 105 100 112 102 96 103.0 6.00 
03. DS 111 125 120 130 128 122.8 7.59 
04. PS 123 136 128 122 118 125.4 6.91 
 
 
 
 
 
Fig. 18. Seasonal variation in soil Exchangeable Potassium (mg/kg) at 
different study sites during 2010-11. 
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Vegetation Analysis 
The Plant community organizational features of different study sites 
in the Branwar Forest during 2010-11 are markedly variable with regard to 
all the three life-forms viz., trees, shrubs and herbs. Regular floristic surveys 
conducted in the study area during the study period resulted in the 
identification of 76 plant species belonging to 59 genera and 28 families. 
The plant community organizational attributes are depicted in Table 19-33 
and Figure 19-26 
 The presence of families and species of trees, shrubs and herbs at 
different study sites during the present study period are given in Table 19. A 
total of 5 tree species belonging to 4 families were recorded at the different 
study sites. Near village (NS) site had 5 species and riparian forest (RS) site 
had three tree species, while dam forest (DS) site and protected forest (PS) 
site had 2 species each. Among the trees Abies pindrow and Pinus 
wallichiana were present at all the study sites. 
 The shrub species present at the study sites ranged from 03 for 
protected forest (PS) site and 06 for near village (NS) site.  The number of 
shrub species present at near village (NS) site was 06, at riparian forest (RS) 
site 05 species were present and at dam forest (DS) site and protected forest 
(PS) site, 04 and 03 species of shrubs were present respectively. Among the 
shrub species Indigofera heterantha was present at all the study sites. The 
herb species ranged from 32 at riparian forest (RS) site to 55 at dam forest 
(DS) site. The sites I (NS) and site IV (PS) had 33 and 44 species of herbs 
respectively. Site I (NS) recorded the lowest number of species (44), on the 
other hand site III (DS) had the highest number of species (64) (Table 19). 
 Family-wise distribution of plant species at different sites is presented 
in Table 19. Highest number of plant species recorded at all the study sites 
belonged to Lamiaceae (9) followed by Asteraceae (7), Paplionaceae (7), 
Poaceae (7), Rosaceae (6), Caryophyllaceae (4), Scrophulariaceae (4), 
Brassicaceae (3) Boraginaceae, Balsaminaceae, Caprifoliaceae, Geraniaceae, 
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Oxalidaceae, Pinaceae, Plantaginaceae, Polygonaceae, Primulaceae, 
Ranunculaceae and Violaceae were represented by only two species each, 
while as Apiaceae, Araceae, Berberidaceae, Chenopodaceae, Gentianaceae, 
Hamamelidaceae Malvaceae, Salicaceae, Ulmaceae were represented by one 
species each. 9 species were restricted in their distribution, being present 
only at one of the four sites. Out of these 3 and 6 species are restricted at 
near village (NS) site and at dam forest (DS) site respectively. 24 species are 
restricted to two study site, while as 11 species are present at three site and 
the remaining 31 species occurred at all the study sites. 
 The Sorensen’s similarity index calculated on the basis of plant 
species occurring at different study sites is shown in Table 32. Perusal of the 
data reveals that on the basis of tree species only highest similarity was 
observed between dam forest (DS) site and protected forest (PS) site (100%) 
followed by riparian forest (RS) site and protected forest (PS) site,  dam 
forest (DS) site and riparian forest (RS) site and protected forest (PS) site 
and riparian forest (RS) soil having the similarity index of 80% between 
them and near village (NS) site and riparian forest (RS) site having 
similarity index of 75% and the lowest of 57.10% was observed between 
near village (NS) site and dam forest (DS) site and near village (NS) site and 
protected forest (PS) site. Similarly, on the basis of shrubs, highest similarity 
index of 90.90% was between near village (NS) site and riparian forest (RS) 
site, while as the lowest similarity index of 25% riparian forest (RS) site and 
protected forest (PS) site. However, on the basis of herb species the highest 
similarity index of 93.33% was between dam forest (DS) site and protected 
forest (PS) site and the lowest similarity index of 51.94% was between near 
village (NS) site and protected forest (PS) site. 
Frequency, Density and Abundance 
 Frequency, density and abundance for tree species at different study 
sites are presented in Table 20-23. The density of trees ranged from a 
minimum of 0.05 trees/10m
2
 at near village (NS) site to a maximum of 83 
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trees/10m
2
 at site protected forest (PS) site which is a protected site. Among 
the tree species Pinus wallichiana had the highest density at all the sites 
except at riparian forest (RS) site, where Abies pindrow had the highest 
density, frequency and abundance fallowed by Pinus wallichiana. The 
lowest density (0.05 trees/10m
2
), frequency (2.5%) and abundance (1.0) 
were observed for Ulmus villosa at near village (NS) site. The density and 
abundance of tree species at different study sites was in the order of 
NS<RS<DS<PS, while frequency was in the order of NS<PS<DS<RS. 
 The phytosociological attributes of shrubs are depicted in Table 24-
27. The density of shrub species ranged from a minimum of 0.1 shrubs/5m
2
 
at II, III and IV sites to a maximum of 4.8 shrubs/5m
2 
at near village (NS) 
site and riparian forest (RS) site. The lowest shrub density (0.1 shrubs/5m
2
) 
values were observed at II(RS), III(DS) and IV (PS) sites for three different 
herb species, Rosa webbiana (site II), Cotaneaster rosea (site II) and 
Parrotiopsis jacquemontaina (site IV) , while the highest shrub density (4.8 
shrubs/5m
2
) was recorded at site I (NS) and site II (RS) for Indigofera 
heterantha. Indigofera heterantha had the highest density (4.8 shrubs/5m
2
), 
frequency (55%) and abundance (8.7) except at site III (DS) and site IV 
(PS), at these sites Vibernum grandiflorum had the highest density (3.8 & 
2.3 shrubs/5m
2
) frequency (45% & 40%) and abundance (8.4 &5.3) 
respectively. The lowest value for density, frequency and abundance were 
observed for Rosa webbiana (site II), Cotaneaster rosea (site II) and 
Parrotiopsis jacquemontaina (site IV). 
 The phytosociological attributes of herbs are depicted in Table 28-31. 
The density of herb species ranged from a minimum of 0.07 individuals/ m
2
 
at near village (NS) site and riparian forest (RS) site to a maximum of 279 
individuals /m
2 
at near village (NS) site. The highest density (279 
individuals /m
2
), frequency (93%) and abundance (316.2) were observed by 
Cynodon dactylon fallowed by Poa pratensis, while as the lowest density 
(0.07 individuals /m
2
) and frequency (3.0) were observed by Stachys 
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floccose and Potentilla nepalensis at near village (NS) site and riparian 
forest (RS) site respectively and the lowest abundance of (0.1) was observed 
by Arabis sp. at near village (NS) site. At near village (NS) site the density 
recorded for herb species was 775 individuals /m
2
 Table 28. Cynodon 
dactylon had the highest density (279 individuals /m
2
), highest frequency 
(93%) and highest abundance (316.2). The lowest density (0.07 individuals 
/m
2
), frequency (3.0) and abundance (0.8) were recorded by Stachys 
floccosa. The density of herb species recorded at site II (RS) was 781.4 
individuals /m
2
 Table 29. Cynodon dactylon had the highest density (276 
individuals /m
2
), highest frequency (90%) and highest abundance (318.2). 
The lowest density (0.07 individuals /m
2
) and abundance (1.5) were 
recorded by Potentilla nepalensis and lowest frequency (3.0%) was recorded 
by veronica persica. The density of herb species recorded at dam forest (DS) 
site was 335.5 individuals /m
2
 Table 30. Poa pratensis had the highest 
density (166.3 individuals /m
2
), highest frequency (73%) and highest 
abundance (198). The lowest density (0.1 individuals /m
2
) and lowest 
frequency (1.5%) were recorded by Cerastium vulgatum and lowest 
Abundance (0.1) was recorded by lotus corniculatus. The density of herb 
species recorded at protected forest (PS) site was 147.1 individuals /m
2
 
Table 31. Poa perennis had the highest density (63.3 individuals /m
2
), 
highest frequency (87%) and highest abundance (107.2). The lowest density 
(0.1 individuals /m
2
), lowest frequency (3.3%) and lowest Abundance were 
recorded by Capsella bursa pastoris. Highest herb density of 781.4 
individuals /m
2
 was recorded at riparian forest (RS) site and the lowest of 
147.1 individuals /m
2 
was observed at protected forest (PS) site. The total 
density of herbs at the study sites was in the order of RS>NS>DS>PS. 
Importance Value Index  
 The importance value index (IVI) of the tree community at different 
study sites are depicted in Figure 19-22. The IVI of the tree species indicated 
that Pinus wallichiana was dominant at all the study sites except at riparian 
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forest (RS) site where most dominant species was Abies pindrow having IVI 
of 156.6 followed by P. wallichiana (IVI of 118.6). P. wallichiana had the 
highest IVI at protected forest (PS) site (256), followed by dam forest (DS) 
site (203.4), at near village (NS) site (126.7), and riparian forest (RS) site 
(118.6), respectively. The IVI values ranged from a minimum of 23.6 at near 
village (NS) site for Ulmus villosa to a maximum of 256 at protected forest 
(PS) site for P. wallichiana. The lowest IVI for the tree species was recorded 
for Ulmus villosa (23.6) at NS, Abies pindrow (156.6) at riparian forest (RS) 
site, P. wallichiana (203.4) at dam forest (DS) site and P. wallichiana (256) 
at protected forest (PS) site. Abies pindrow was the co-dominant specie with 
respect to IVI at dam forest (DS) site (96.5) and protected forest (PS) site 
(43.9) sites (Fig. 21-22) while as Robinia psedoacacia and P. wallichiana 
was the co-dominant species at near village (NS) site (126.7) and riparian 
forest (RS) site (118.6) sites respectively (Fig. 19-20). 
The importance value index (IVI) of the shrub community at different 
study sites are depicted in Figure 23-26. The IVI of the shrub species 
indicated that Indigofera heterantha was dominant at all the study sites 
except at dam forest (DS) site and protected forest (PS) site where most 
dominant species was Vibernum grandiflorum having IVI of 157.7 and 
213.9 followed by Vibernum foeteuns (IVI of 62.9) and Indigofera 
heterantha (65.12). Vibernum grandiflorum had the highest IVI at protected 
forest (PS) site (213.9) and at dam forest (DS) site (157.7) followed by 
Indigofera heterantha at near village (NS) site (164.9) and riparian forest 
(RS) site (162.3). The IVI values ranged from a minimum of 14.1 at riparian 
forest (RS) site for Rosa webbiana to a maximum of 213.9 at protected 
forest (PS) site for Vibernum grandiflorum. The lowest IVI for the shrub 
species was recorded for Rosa webbiana (14.1) at riparian forest (RS) site, 
Cotaneaster rosea (17.3) at dam forest (DS) site, Berberis lycium (18.2) at 
near village (NS) site and Parrotiopsis jacquemontaina (20.73) at protected 
forest (PS) site. 
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The importance value index (IVI) of the herb community at different 
study sites are depicted in Table 28-31. The IVI of the herb species indicated 
that Cynodon dactylon was dominant at all the study sites except at dam 
forest (DS) site and protected forest (PS) site where most dominant species 
was Poa pratensis and Poa perennis having IVI of 90.9 and 83.12 
respectively. The most important species at near village (NS) site were C. 
dactylon with highest IVI (75.8) followed by Poa pratensis (54.4) and Poa 
perennis (33.7). The other important species in the community were Bromus 
Japonicus (22) Medicago denticulate (19.5), Trifolium pratense (16.6), and 
veronica persica (10.7). Stachys floccosa had the lowest IVI (0.37) Table 
28. The most important species at riparian forest (RS) site were C. dactylon 
with highest IVI (74.5) followed by Poa pratensis (60.2) and Poa perennis 
(47.3). The other important species in the community were Trifolium 
pratense (17.0), Polygonum hydropiper (15.5), Cerastium vulgatum (8.8), 
Plantigo lanceolata (8.7) and Taraxacum officinale (8.1). Viola odorata had 
the lowest IVI (0.37) Table 29. The most important species at dam forest 
(DS) site were Poa pratensis with highest IVI (90.9) followed by Trifolium 
pratense (66.4) and C. dactylon (28.9). The other important species in the 
community were Achillea millifolium (5.3), Taraxacum officinale (5.2), 
Thymus serpylum (4.7), Nepata sp. (4.4) and Plantigo lanceolata (3.9). 
Melilotus alba had the lowest IVI (0.58) Table 30. The most important 
species at protected forest (PS) site were Poa perennis with highest IVI 
(83.1) followed by Trifolium pratense (33.2) and C. dactylon (30.8). The 
other important species in the community were Plantigo major (11.7), 
Medicago denticulata (10.0), Veronica sp. (10), and Veronica persica (9.7). 
Capsella bursa pastoris had the lowest IVI (0.58) Table 31. 
Diversity and Dominance Indices 
 Values of species diversity index, dominance index, species richness 
and evenness for different plant groups at all the study sites are presented in 
Table 33.  The values of Shannon-Wiener’s diversity index (Hʹ) at the study 
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sites varied between 2.100 for herb community at protected forest (PS) site 
and 0.161 for tree community at the same site i.e., protected forest (PS) site. 
For the tree species Shannon-Wiener’s diversity index (Hʹ) was highest of 
1.190 for near forest (NS) site followed by 0.844 for riparian forest (RS) 
site, 0.564 for dam forest (DS) site and lowest of 0.161 was recorded for 
protected forest (PS) site. The Diversity Index (Hʹ) for shrubs varied from a 
highest of 1.115 for near village (NS) site followed by 0.875 for riparian 
forest (RS) site, 0.823 for dam forest (DS) site and a least of 0.559 for 
protected forest (PS) site. The species diversity index (Hʹ) for herbs ranged 
from a highest of 2.100 for protected forest (PS) site followed by 1.829 for 
near village (NS) site, 1.711 for riparian forest (RS) site and a least of 1.442 
for dam forest (DS) site. The concentration of Dominance (C) at the study 
sites ranged between 0.749 for tree community at protected forest (PS) site 
and 0.109 for herb community at the same site. For the tree species 
Dominance Index (C) was highest of 0.749 for protected forest (PS) site 
followed by 0.563 for dam forest (DS) site, 0.435 for riparian forest (RS) 
site and lowest of 0.285 was recorded for near village (NS) site. The 
Dominance Index (C) for shrubs varied from a highest of 0.560 for protected 
forest (PS) site followed by 0.366 for dam forest (DS) site, 0.360 for near 
village (NS) site and a least of 0.350 for riparian forest (RS) site. The 
species dominance index (C) for herbs ranged from a highest of 0.153 for 
dam forest (DS) site followed by 0.137 for riparian forest (RS) site, 0.126 
for near forest (NS) site and a least of 0.109 for protected forest (PS) site. 
 The Species Richness Index (R) for trees had the maximum value of 
1.0449 for near village (NS) site, followed by 0.253 for riparian forest (RS) 
site, 0.135 for dam forest (DS) site and a minimum of 0.067 for site IV (PS). 
Similarly, the values of species richness (R) for shrubs varied between 0.625 
for riparian forest (RS) site, followed by 0.567 for protected forest (PS) site, 
0.549 for dam forest (DS) site and 0.216 for near village (NS) site and for 
herbs the values of species richness (R) varied between 1.622 for protected 
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forest (PS) site and 0.512 for riparian forest (RS) site. The equitability index 
(E) for tree species ranged between 1.190 for near village (NS) site, 
followed by 1.085 for riparian forest (RS) site, 0.936 for dam forest (DS) 
site and 0.067 for protected forest (PS) site. The values of equitability index 
(E) for shrubs varied between 1.033 for near village (NS) site, followed by 
0.911 for dam forest (DS) site, 0.875 for riparian forest (RS) site and 0.718 
for protected forest (PS) site. Similarly, the values of equitability index 
ranged between 1.080 for protected forest (PS) site and 0.706 for dam forest 
(DS) site. 
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Table 19. Species composition of various study sites. 
S.No. Family Name of the Species Habitat NS RS DS PS 
01. Apiaceae Daucus carota Linn. H    P 
02. Araceae Arisaema jacqumontii Blume H   P P 
03. Asteraceae Achillea millifolium L. H P P P P 
04. Asteraceae Anaphlis sp. H P   P 
05. Asteraceae Artemesia absinthium Linn. H P P P P 
06. Asteraceae Cirsium falconeri (Hook. F.) H P P   
07. Asteraceae Cortia depressa  H   P P 
08. Asteraceae Crepis sancta (L.) H   P P 
09. Asteraceae Taraxacum officinale Weber H P P P P 
10. Balsaminaceae Impatiens brachycentre Kar. H  P P P 
11. Balsaminaceae Impatiens edgeworthii Hook  H P P P  
12. Berberidaceae Berberis lycium Royle S P  P  
13. Boraginaceae Cynoglassum glochidiatum 
Benth. 
H P P P  
14. Boraginaceae Myosotis arvensis H P P P P 
15. Brassicaceae Arabis sp. H P    
16. Brassicaceae Capsella bursa pastoris (L.) H   P P 
17. Brassicaceae Drabopsis sp. H   P P 
18. Caprifoliaceae Viburnum foeteuns Decne S P P P P 
19. Caprifoliaceae Viburnum grandiflorum Wallich S   P P 
20. Caryophyllaceae Cerastium ceratoides Linn. H   P  
21. Caryophyllaceae Cerastium vulgatum (link.) H P P P P 
22. Caryophyllaceae Silene sp.  H P P  P 
23. Caryophyllaceae Silene vulgaris H   P P 
24. Chenopodaceae Chenopodium album (L.) H   P P 
25. Gentianaceae Gentiana sp H   P  
26. Geraniaceae Geranium wallichianum D. Don H   P  
27. Geraniaceae Geranium rotundifolia H   P P 
28. Hamamelidaceae Parrotiopsis jacquemontaina 
(Decne) Rehd. 
S P   P 
29. Lamiaceae Ajuga bracteosa Wall. H   P P 
30. Lamiaceae Ajuga parviflora Benth. 
H   P 
P 
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31. Lamiaceae Clinopodium Umbrosum (M. 
Biob.) 
H   P P 
32. Lamiaceae Mentha longifolia Huds.  H   P P 
33. Lamiaceae Mentha spicata  H P  P P 
34. Lamiaceae Nepata sp. H P P P  
35. Lamiaceae Stachys floccosa Benth. H P P P P 
36. Lamiaceae Thymus serphylum L. H   P P 
37. Lamiaceae Thymus linearis Benth. H P P P P 
38. Malvaceae Malva neglecta Wallr. H   P P 
39. Oxalidaceae Oxalis acetosella L. H   P P 
40. Paplionaceae Erodium cicutarium (L.) H   P P 
41. Paplionaceae Indigofera heterantha Wall. S P P P P 
42. Paplionaceae Lotus corniculatus L. H P P P  
43. Paplionaceae Melilotus indica (L.) H   P P 
44. Paplionaceae Medicago denticulata Willd. H P P P P 
45. Paplionaceae Robinia psedoacacia L. T P    
46. Paplionaceae Trifolium pratense L. H P P P P 
47. Pinaceae Abies pindrow Royle T P P P P 
48. Pinaceae Pinus wallichiana A. B. Jackson T P P P P 
49. Plantaginaceae Plantigo lanceolata L. H P P P P 
50. Plantaginaceae Plantigo major L. H P P P P 
51. Poaceae Bromus japonicus Thunb. H P P   
52. Poaceae Cynodon dactylon (L.) H P P P P 
53. Poaceae Pennisetum orientale Rich. H   P P 
54. Poaceae Poa perennis H P P  P 
55. Poaceae Poa pratensis L. H P P P  
56. Poaceae Stipa siberica (L.) H P P P  
57. Polygonaceae Polygonium heterophyllum 
Lindl. 
H P P P  
58. Polygonaceae Polygonum hydropiper L. H P P P  
59. Primulaceae  Androsace rotundifolia Hardw. H   P  
60. Primulaceae  Androsac sp. H   P  
61. Ranunculaceae Anemone sp. 
H   P 
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62. Ranunculaceae Ranunculus hirtellus Royle H P P P P 
63. Rosaceae Cotaneaster rosea Edgew. S P P P  
64. Rosaceae  Fragaria nubicola H P P P P 
65. Rosaceae Fragaria vesca L. H   P P 
66. Rosaceae Potentilla nepalensis H P P P P 
67. Rosaceae Potentilla sp. H   P  
68. Rosaceae Rosa webbiana Wall. S P P   
69. Salicaceae Salix sp T P P   
70. Scrophulariaceae Pedicularis punctata Decne. H  P P P 
71. Scrophulariaceae Veronica laxa Benth. H  P P P 
72. Scrophulariaceae Veronica persica Poir. H P P P P 
73. Scrophulariaceae Veronica sp H P  P P 
74. Ulmaceae Ulmus villosa Brandis T P    
75. Violaceae Viola indica W. Beckner H   P P 
76. Violaceae Viola odorata L. H P P P P 
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Table 20. Community features of trees at site I (NS) of Branwar Forest. 
 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Abies pindrow 
0.68 29.7 20.0 22.2 3.38 28.4 0.17 80.3 15.9 
02. Pinus 
wallichiana 
1.18 51.5 50.0 55.5 2.35 19.7 0.05 126.7 45.6 
03. Robinia 
psedoacacia 
0.13 05.7 7.5 08.3 1.66 13.9 0.22 27.9 25.2 
04. Salix sp. 
0.25 10.9 10.0 11.1 2.50 21.0 0.25 43.0 08.5 
05. Ulmus villosa 
0.05 02.1 02.5 02.7 2.00 18.8 0.80 23.6 04.5 
 Total 
2.29 100 90.0 100 11.89 100 1.49 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
 
 
Fig. 19. Importance Value Index of tree species at site I (NS) of Branwar 
Forest. 
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Table 21. Community features of trees at site II (RS) of Branwar Forest. 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Abies pindrow 
8.00 56.93 90.0 47.36 8.9 52.35 0.09 156.6 52.22 
02. Pinus 
wallichiana 
5.30 37.72 80.0 42.1 6.6 38.82 0.08 118.6 39.55 
03. Salix sp. 
0.75 05.33 20.0 10.52 1.5 08.82 0.44 24.7 08.22 
 Total 
14.05 100.0 190 100.0 17.0 100.0 0.61 300.0 100.0 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
 
 
 
 
 
Fig. 20. Importance Value Index of tree species at site II (RS) of 
Branwar Forest. 
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Table 22. Community features of trees at site III (DS) of Branwar 
Forest. 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Abies pindrow 
5.5 25.22 70.0 41.17 07.9 30.15 0.11 96.54 32.18 
02. Pinus 
wallichiana 
16.3 74.77 100 58.88 18.3 69.84 0.18 203.4 67.67 
 Total 
21.8 100.0 170 100.0 26.2 100.0 0.29 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
 
 
 
 
Fig. 21. Importance Value Index of tree species at site III (DS) of 
Branwar Forest. 
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Table 23. Community features of trees at site IV (PS) of Branwar 
Forest. 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Abies pindrow 
3.3 3.79 50 33.33 6.6 6.82 0.13 43.94 14.64 
02. Pinus 
wallichiana 
83.6 96.2 100 66.66 90.1 93.17 0.90 256.0 85.35 
 Total 
86.9 100.0 150 100.0 96.7 100.0 1.03 300 100.0 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
 
 
 
 
Fig. 22. Importance Value Index of tree species at site IV (PS) of 
Branwar Forest. 
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Table 24. Community features of shrubs at site I (NS) of Branwar 
Forest. 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Berberis lycium 
0.3 04.22 15.0 11.53 0.4 02.53 0.02 18.28 6.09 
02. Cotaneaster 
rosea 
0.5 07.04 10.0 7.69 0.6 03.79 0.06 18.5 6.17 
03. Indigofera 
heterantha 
4.8 67.60 55.0 42.3 8.7 55.06 0.15 164.9 55.0 
04. Parrotiopsis 
jacquemontaina 
0.9 12.67 20.0 15.38 4.5 28.48 0.22 56.5 18.84 
05 Rosa webbiana 
0.4 05.63 20.0 15.38 0.6 03.79 0.03 24.8 8.26 
06. Viburnum 
foeteuns 
0.2 02.81 10.0 07.69 1.0 06.32 0.10 16.8 5.60 
 Total 
7.1 100 130 100 15.8 100 0.58 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
Fig. 23. Importance Value Index of shrub species at site I (NS) of 
Branwar Forest. 
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Table 25. Community features of shrubs at site II (RS) of Branwar 
Forest. 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Berberis lycium 
0.6 9.37 25.0 17.24 2.0 11.36 0.08 37.9 12.6 
02. Cotaneaster 
rosea 
0.4 6.25 40.0 27.58 2.6 14.77 0.06 48.6 16.2 
03. Indigofera 
heterantha 
4.8 75.0 55.0 37.93 8.7 49.43 0.15 162.3 54.1 
04. Rosa webbiana 
0.1 1.56 10.0 06.89 1.0 05.68 0.10 14.1 4.71 
05. Viburnum 
foeteuns 
0.5 7.81 15.0 10.34 3.3 18.75 0.22 36.9 12.3 
 Total 
6.4 100 145 100 17.6 100 0.61 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
 
Fig. 24. Importance Value Index of shrub species at site II (RS) of 
Branwar Forest. 
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Table 26. Community features of shrubs at site III (DS) of Branwar 
Forest. 
S. No. Name of the 
Species 
D RD F RF A RA A/F IVI RIVI 
01. Cotaneaster 
rosea 
0.1 01.8 05.0 4.34 2.0 11.17 0.40 17.39 05.79 
02. Indigofera 
heterantha 
0.4 07.5 40.0 34.78 3.5 19.55 0.08 61.83 20.61 
03. Viburnum 
foeteuns 
1.0 18.8 25.0 21.73 4.0 22.34 0.16 62.93 20.67 
04. Viburnum 
grandiflorum 
3.8 71.6 45.0 39.13 8.4 46.92 0.18 157.7 52.59 
 Total 5.3 100 115 100 17.9 100.0 0.82 300 100.0 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index. 
 
 
 
Fig. 25. Importance Value Index of shrub species atsSite III (DS) of 
Branwar Forest. 
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Table 27. Community features of shrubs at site IV (PS) of Branwar 
Forest. 
S. No. Name of the Species D RD F RF A RA A/F IVI RIVI 
01. Indigofera heterantha 0.4 14.3 15 25.0 2.3 25.8 0.15 65.12 21.72 
02. Parrotiopsis 
jacquemontaina 
0.1 3.5 05 8.3 0.8 08.9 0.16 20.73 6.91 
03. Viburnum 
grandiflorum 
2.3 82.2 40 66.7 5.8 65.1 0.14 213.9 71.36 
  Total 
2.8 100 60 100 8.9 100 0.45 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index 
 
 
 
 
 
Fig. 26. Importance Value Index of shrub species at site IV (PS) of 
Branwar Forest. 
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Table 28. Community features of herbaceous vegetation at site I (NS) of 
Branwar Forest. 
S.No. Name of the Species D RD F RF A RA IVI RIVI 
01. Achillea millifolium 1.4 0.18 40.0 3.98 3.5 0.34 4.5 1.5 
02. Anaphlis sp. 0.6 0.07 22.0 2.19 3.3 0.32 2.58 0.86 
03. Artemesia absinthium 0.7 0.09 26.7 2.65 2.5 0.24 2.98 0.99 
04. Cirsium sp. 0.1 0.01 7.50 0.74 1.3 0.12 0.87 0.29 
05. Taraxacum officinale 0.75 0.09 30.0 2.98 2.5 0.24 3.31 1.1 
06. Impatiens edgeworthii 0.20 0.02 7.5 0.74 2.6 0.25 1.01 0.33 
07. Cynoglassum glochidiatum 0.05 0.006 2.50 0.24 2.0 2.15 2.39 0.79 
08. Myosotis arvensis 0.2 0.02 13.3 1.32 1.5 0.14 1.48 0.49 
09. Arabis sp. 1.0 0.12 46.7 4.65 0.1 0.001 4.77 1.59 
10. Cerastium vulgatum 12.6 1.62 36.7 3.65 34.3 3.35 8.62 2.87 
11. Silene sp. 0.4 0.05 10.0 0.99 4.3 0.42 1.46 0.48 
12. Mentha spicata 0.2 0.04 5.00 0.49 1.5 0.14 0.67 0.22 
13. Nepata sp. 0.3 0.04 7.00 0.69 1.4 0.13 0.86 0.28 
14. Stachys floccosa 0.07 0.01 3.00 0.29 0.8 0.07 0.37 0.12 
15. Thymus linearis 0.2 0.02 5.00 0.69 1.2 0.11 0.82 0.27 
16. Lotus corniculatus 0.3 0.03 6.70 0.66 4.0 0.39 1.08 0.36 
17. Medicago denticulata 45.5 5.87 53.3 5.3 85.4 8.35 19.52 6.5 
18. Trifolium pratense 36.1 4.65 70.0 6.97 51.5 5.03 16.65 5.55 
19. Plantigo lanceolata 8.7 1.12 56.7 5.64 15.3 1.49 8.25 2.75 
20. Plantigo major 0.9 0.11 25.0 2.49 5.9 0.58 3.18 1.06 
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21. Bromus japonicus 53.6 6.91 89.0 8.86 64.3 6.29 22.06 7.35 
22. Cynodon dactylon 279.0 35.6 93.0 9.26 316.2 30.94 75.8 25.26 
23. Poa perennis 101.0 13.03 73.3 7.3 137.0 13.4 33.73 11.24 
24. Poa pratensis 198.6 25.62 81.0 8.06 212.6 20.8 54.48 18.16 
25. Stipa siberica 0.2 0.03 6.7 0.66 3.0 0.29 0.98 0.32 
26. Polygonum heterophyllum 0.9 0.11 33.3 3.31 2.7 0.26 3.68 1.22 
27. Polygonum hydropiper 1.9 0.24 32.6 3.24 3.6 0.35 3.83 1.27 
28. Ranunculus hirtellus 0.7 0.09 26.7 2.65 2.5 0.24 2.98 0.99 
29. Fragaria nubicola 0.9 0.11 23.6 2.35 2.6 0.25 2.71 0.9 
30. Potentilla nepalensis 0.4 0.05 10.0 0.99 4.0 0.39 1.43 0.47 
31. Veronica persica 26.5 3.41 30.0 2.98 44.4 4.34 10.73 0.15 
32. Veronica sp 1.0 0.12 26.9 2.67 2.1 0.2 2.99 0.99 
33. Viola odorata 0.1 0.01 3.3 0.32 2.0 0.19 0.52 0.17 
 Total 775 100 1004 100 1021 100 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index 
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Table 29. Community features of herbaceous vegetation at site II (RS) 
of Branwar Forest. 
S.No. Name of the Species D RD F RF A RA IVI RIVI 
01. Achillea millifolium 2.0 0.25 43.3 4.79 4.7 0.43 5.47 1.82 
02. Artemesia absinthium 0.7 0.08 26.7 2.95 2.5 0.22 3.25 1.08 
03. Cirsium falconeri 1.4 0.18 40.0 4.43 2.7 0.24 4.85 1.61 
04. Taraxacum officinale 2.7 0.35 66.7 7.38 4.1 0.37 8.1 2.7 
05. Impatiens brachycentre 0.4 0.05 10.0 1.1 4.3 0.39 1.54 0.51 
06. Impatiens edgeworthii 0.6 0.07 13.3 1.47 9.0 0.82 2.36 0.78 
07. Cynoglassum glochidiatum 0.5 0.06 20.0 2.21 2.7 0.24 2.51 0.83 
08. Myosotis arvensis 0.9 0.11 30.3 3.35 2.7 0.24 3.7 1.23 
09. Cerastium vulgatum 12.6 1.61 36.7 4.06 34.3 3.15 8.82 2.94 
10. Silene sp. 2.4 0.3 16.7 1.84 12.4 1.13 3.27 1.09 
11. Nepata sp. 2.9 0.37 33.3 3.68 8.6 0.79 4.84 1.61 
12. Stachys floccosa 0.2 0.02 13.6 1.5 1.5 0.13 1.65 0.55 
13. Thymus linearis 0.2 0.02 3.3 0.36 3.0 0.27 0.65 0.21 
14. Lotus corniculatus 0.5 0.06 6.7 0.74 4.0 0.36 1.16 0.38 
15. Medicago denticulata 7.1 0.9 13.3 1.47 23.5 2.16 4.53 1.51 
16. Trifolium pratense 36.1 4.61 70.0 7.75 51.5 4.73 17.09 5.69 
17. Plantigo lanceolata 8.7 1.11 56.7 6.27 15.3 1.4 8.78 2.92 
18. Plantigo major 0.4 0.05 6.7 0.74 1.5 0.13 0.92 0.3 
19. Bromus japonicus 0.1 0.01 3.3 0.36 1.0 0.09 0.46 0.15 
20. Cynodon dactylon 276.4 35.37 90.0 9.96 318.2 29.25 74.58 24.86 
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21. Poa perennis 158.4 20.27 76.7 8.49 201.7 18.54 47.3 15.76 
22. Poa pratensis 217.3 27.8 83.6 9.25 252.7 23.23 60.28 20.09 
23. Stipa siberica 0.2 0.02 6.7 0.74 2.0 0.18 0.94 0.31 
24. Polygonum heterophyllum 12.6 1.61 26.7 2.95 24.3 2.23 6.79 2.26 
25. Polygonum hydropiper 31.9 4.08 46.7 5.17 68.3 6.27 15.52 5.17 
26. Ranunculus hirtellus 1.9 0.24 23.3 2.58 8.3 0.76 3.58 1.19 
27. Fragaria nubicola 0.6 0.07 6.7 0.74 8.0 0.73 1.54 0.51 
28. Potentilla nepalensis 0.07 0.08 10.0 0.8 4.7 0.43 1.61 0.54 
29. Pedicularis punctata 0.2 0.02 7.7 0.85 2.1 0.19 1.06 0.35 
30. Veronica laxa 0.4 0.05 7.6 0.84 3.2 0.29 1.18 0.93 
31. Veronica persica 0.2 0.02 3.3 0.36 3.0 0.27 0.65 0.21 
32. Viola odorata 0.2 0.02 3.3 0.36 2.0 0.18 0.56 0.18 
 Total 781.4 100 902.9 100 1088 100 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index 
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Table 30. Community features of herbaceous vegetation at site III (DS) 
of Branwar Forest. 
S.No. Name of the Species D RD F RF A RA IVI RIVI 
01. Arisaema jacqumontii 0.67 0.20 6.67 1.07 4.67 0.69 1.96 0.65 
02. Achillea millifolium 1.30 0.39 26.67 4.22 4.88 0.72 5.33 1.77 
03. Artemesia absinthium 1.13 0.33 13.33 2.11 7.75 1.14 3.58 1.19 
04. Cortia depressa 1.00 0.30 12.30 1.94 6.75 1.00 3.24 1.08 
05. Crepis sancta 0.87 0.26 10.00 1.58 7.67 1.13 2.97 0.99 
06. Taraxacum officinale 1.70 0.51 23.33 3.69 7.29 1.08 5.28 1.76 
07. Impatiens brachycentre 0.76 0.22 6.76 1.07 8.12 1.20 2.49 0.83 
08. Impatiens edgeworthii 0.24 0.07 3.33 0.52 3.00 0.44 1.03 0.34 
09. 
Cynoglassum 
glochidiatum 
0.10 0.03 4.00 0.63 2.00 0.29 0.95 0.31 
10. Myosotis arvensis 0.7 0.13 3.23 0.51 3.00 0.44 1.08 0.36 
11. Capsella bursa pastoris 0.6 0.18 3.33 0.52 2.00 0.29 0.99 0.33 
12. Drabopsis sp. 0.10 0.03 4.43 0.70 3.00 0.44 1.17 0..39 
13. Cerastium ceratoides 0.20 0.06 3.33 0.52 4.00 0.59 1.17 0.39 
14. Cerastium vulgatum 0.10 0.03 2.43 0.38 3.00 0.44 0.85 0.28 
15. Silene vulgaris 0.40 0.12 6.36 1.00 3.50 0.51 1.63 0.54 
16. Chenopodium album 0.72 0.21 10.0 1.58 2.67 0.39 2.18 0.72 
17. Gentiana sp. 0.70 0.21 8.00 1.26 4.67 0.69 2.16 0.72 
18. Geranium wallichianum 0.20 0.06 3.33 0.52 1.67 0.24 0.82 0.27 
19. Geranium rotindifolia 0.10 0.03 4.23 0.66 2.67 0.39 1.08 0.36 
20. Ajuga bracteosa 0.40 0.12 8.00 1.26 4.76 0.70 2.08 0.69 
21. Ajuga parviflora 0.30 0.09 10.0 1.58 8.74 1.29 2.96 0.98 
22. Clinopodium ombrosum 0.27 0.08 10.0 1.58 2.67 0.39 2.05 0.68 
23. Mentha longifoli 0.87 0.26 13.33 2.11 6.50 0.96 3.33 1.11 
24. Mentha spicata 0.83 0.24 13.63 2.15 6.25 0.92 3.31 1.1 
25. Nepata sp. 0.77 0.23 23.33 3.69 3.29 0.48 4.4 1.46 
26. Stachys floccosa 0.24 0.07 3.33 0.52 3.38 0.50 1.09 0.36 
27. Thymus serpylum 1.50 0.45 20.0 3.16 7.50 1.11 4.72 1.57 
28. Thymus linearis 0.45 0.14 8.00 1.26 3.64 0.53 1.93 0.64 
29. Malva neglecta 0.60 0.18 10.0 1.58 4.56 0.67 2.43 0.81 
30. Oxalis acetosella 0.10 0.03 6.67 1.05 10.0 1.48 2.56 0.83 
31. Erodium cicutarium 0.10 0.03 3.45 0.54 2.46 0.36 0.93 0.31 
32. Lotus corniculatus 0.24 0.07 6.46 1.02 0.14 0.02 1.11 0.37 
33. Melilotus indica 0.13 0.03 3.33 0.52 0.24 0.03 0.58 0.19 
34. Medicago denticulata 0.20 0.06 6.67 1.05 3.00 0.44 1.55 0.51 
35. Trifolium pratense 108.3 32.56 63.33 10.03 160.5 23.81 66.4 22.13 
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36. Plantigo lanceolata 0.77 0.23 20.0 3.16 3.83 0.56 3.95 1.31 
37. Plantigo major 1.10 0.33 16.67 2.64 6.60 0.97 3.94 1.31 
38. Cynodon dactylon 31.67 9.52 33.33 5.27 95.00 14.09 28.9 9.62 
39. Pennisetum orientale 0.20 0.06 6.67 1.05 3.50 0.51 1.62 0.54 
40. Poa pratensis 166.3 50 73.33 11.6 198.0 29.37 90.9 30.32 
41. 
Polygonium 
heterophyllum 
0.97 0.29 10.0 1.58 4.33 0.64 2.51 0.83 
42. Polygonum hydropiper 1.20 0.36 10.0 1.58 6.67 0.98 2.92 0.97 
43. Androsace rotundifolia 0.13 0.03 3.33 0.52 3.00 0.44 0.99 0.33 
44. Androsac sp. 0.17 0.05 2.67 0.42 2.50 0.37 0.84 0.28 
45. Anemone sp. 0.30 0.09 8.67 1.37 1.80 0.26 1.72 0.57 
46. Ranunculus hirtellus 0.53 0.15 10.0 1.58 5.33 0.79 2.52 0.84 
47. Fragaria nubicola 0.20 0.06 8.76 1.38 3.50 0.51 1.95 0.65 
48. Fragaria vesca 0.17 0.05 6.67 1.05 2.50 0.37 1.47 0.49 
49. Potentilla nepalensis 0.50 0.15 13.33 2.11 3.75 0.55 2.81 0.93 
50. Pedicularis punctata 0.24 0.07 3.33 0.52 3.00 0.44 1.03 0.34 
51. Veronica laxa 0.37 0.11 6.67 1.05 5.50 0.81 1.97 0.59 
52. Veronica persica 0.33 0.09 3.33 0.52 10.0 1.48 2.09 0.69 
53. Veronica sp. 0.32 0.09 10.0 1.58 2.33 0.34 2.01 0.67 
54. Viola indica  0.72 0.21 10.0 1.58 1.67 0.24 2.03 0.67 
55. Viola odorata 0.72 0.21 10.0 1.58 1.33 0.19 1.98 0.66 
 Total 333.5 100 631.4 100 674.1 100 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index 
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Table 31. Community features of herbaceous vegetation at site IV (PS) 
of Branwar Forest. 
S. No. Name of the Species D RD F RF A RA IVI RIVI 
01. Daucus carota 0.2 0.13 6.7 1.01 2.3 0.57 1.71 0.57 
02. Arisaema jacqumontii 0.1 0.06 3.3 0.51 2.0 0.49 1.06 0.35 
03. Achillea millifolium 0.8 0.54 18.6 2.82 3.2 0.79 4.15 1.38 
04. Artemesia absinthium 0.6 0.4 11.6 1.76 3.0 0.74 2.9 0.96 
04. Cortia depressa 0.2 0.2 3.3 0.51 2.0 0.49 1.2 0.4 
06. Taraxacum officinale 0.4 0.27 4.3 0.65 11.0 2.74 3.66 1.22 
07. Impatiens brachycentre 0.4 0.27 11.3 1.71 3.0 0.74 2.72 0.90 
08. Myosotis arvensis 0.3 0.2 6.7 1.02 2.5 0.62 1.84 0.61 
09. Capsella bursa pastoris 0.1 0.06 3.3 0.51 1.0 0.24 0.81 0.27 
10. Drabopsis sp. 0.1 0.06 3.3 0.51 2.0 0.49 1.06 0.35 
11. Cerastium vulgatum 0.8 0.54 10.0 1.51 4.2 1.04 3.09 1.03 
12. Silene sp. 0.2 0.13 6.7 1.02 3.0 0.74 1.89 0.63 
13. Silene vulgaris 0.4 0.27 10.0 1.51 4.3 1.07 2.85 0.95 
14. Chenopodium album 0.5 0.33 13.3 2.02 5.2 1.29 3.64 1.21 
15. Geranium rotindifolia 0.2 0.13 6.7 1.02 3.0 0.74 1.89 0.63 
16. Ajuga bracteosa 0.1 0.06 3.3 0.51 2.0 0.49 1.06 0.35 
17. Ajuga parviflora 0.1 0.06 3.3 0.51 3.0 0.74 1.31 0.43 
18. Clinopodium ombrosum 0.2 0.13 3.6 0.54 2.0 0.49 1.16 0.38 
19. Mentha longifoli 0.3 0.2 6.7 1.02 4.0 0.99 2.21 0.73 
20. Mentha spicata 0.8 0.54 10.0 1.51 3.0 0.74 2.79 0.93 
21. Stachys floccosa 0.2 0.13 8.0 1.22 2.0 0.49 1.84 0.61 
22. Thymus serpylum 0.4 0.27 10.0 1.51 3.0 0.74 2.52 0.84 
23. Thymus linearis 0.6 0.4 10.0 1.51 3.6 0.89 2.8 0.93 
24. Malva neglecta 0.6 0.4 13.3 2.02 4.5 1.12 3.54 1.18 
25. Oxalis acetosella 0.4 0.27 3.3 0.5 3.0 0.74 1.51 0.5 
26. Erodium cicutarium 0.4 0.27 6.7 1.01 2.0 0.49 1.77 0.59 
27. Melilotus indica 0.2 0.13 3.3 0.5 3.0 0.74 1.37 0.45 
28. Medicago denticulata 3.7 2.51 26.7 4.05 13.8 3.44 10 3.33 
29. Trifolium pratense 22.4 15.22 50.0 7.59 42.0 10.48 33.29 11.09 
30. Plantigo lanceolata 3.4 2.31 43.3 6.58 8.1 2.02 10.91 3.63 
31. Plantigo major 3.2 2.17 53.3 8.1 6.0 1.49 11.76 3.92 
32. Cynodon dactylon 24.0 16.31 30.0 4.56 39.9 9.96 30.83 10.27 
33. Pennisetum orientale 1.6 1.08 20.0 3.03 4.3 1.07 5.18 1.72 
34. Poa perennis 63.3 43.03 87.7 13.32 107.2 26.77 83.12 27.7 
35. Androsace rotundifolia 0.6 0.4 8.0 1.21 3.3 0.82 2.43 0.81 
36. Ranunculus hirtellus 1.2 0.81 16.0 2.43 4.0 0.99 4.23 1.41 
37. Fragaria nubicola 0.3 0.2 6.7 1.02 4.0 0.99 2.21 0.73 
38. Fragaria vesca 0.3 0.2 10.0 1.51 3.0 0.74 2.45 0.81 
39. Potentilla nepalensis 0.4 0.27 2.3 0.34 6.3 1.57 2.18 0.72 
40. Pedicularis punctata 0.4 0.27 3.3 2.54 8.3 2.07 4.88 1.62 
41. Veronica laxa 3.1 2.1 20.0 3.03 15.5 3.87 9.0 3.0 
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42. Veronica persica 3.3 2.24 16.7 2.53 19.8 4.94 9.71 3.23 
42. Veronica sp 3.7 2.51 26.7 4.05 13.8 3.44 10.0 3.33 
43. Viola indica  1.3 0.88 16.7 2.53 8.0 1.99 5.4 1.80 
44. Viola odorata 1.3 0.88 20.0 3.03 6.3 1.57 5.48 1.82 
 Total 147.1 100 658 100 400.4 100 300 100 
Where D=Density; RD=Relative Density; F=Frequency; RF=Relative Frequency; 
A=Abundance; RA=Relative Abundance; IVI=Importance Value Index; RIVI=Relative 
Importance Value Index 
 
 
 
Table 32. Similarity between different sites based on Sorensen’s 
Similarity Index. 
Plant groups Sites NS RS DS PS 
 
 
Trees 
 
NS  75.0 57.1 57.1 
RS   80.0 80.0 
DS 57.1 80.0  100.0 
PS 57.1 80.0 100.0  
 
 
Shrubs 
NS  90.90 60.00 44.44 
RS   66.66 25.00 
DS 60.00   57.14 
PS 44.44 25.00 57.14  
 
 
Herbs 
NS  89.23 56.81 51.94 
RS   57.47 55.26 
DS 56.81   93.33 
PS 51.94 55.26 93.33  
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Table 33. Spatial variation in diversity, richness, evenness and 
dominance indices of trees, shrubs and herbs at different study sites. 
 
Plant groups Indices NS RS DS PS 
 
 
Trees 
 
Diversity (H’) 1.190 0.844 0.564 0.161 
Dominance (c) 0.285 0.435 0.563 0.749 
Richness (R) 1.044 0.253 0.135 0.067 
Evenness (E) 1.190 1.085 0.936 0.267 
 
 
Shrubs 
Diversity (H’) 1.115 0.875 0.823 0.559 
Dominance (c) 0.360 0.350 0.366 0.560 
Richness (R) 0.216 0.625 0.549 0.567 
Evenness (E) 1.033 0.875 0.911 0.718 
 
 
Herbs 
Diversity (H’) 1.829 1.711 1.442 2.100 
Dominance (c) 0.126 0.137 0.153 0.109 
Richness (R) 0.530 0.512 1.340 1.622 
Evenness (E) 1.005 0.947 0.706 1.080 
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Biotic Impact 
The floristic survey of the vegetation of Branwar forest showed that 
the natural growth was normal baring certain unprotected areas which were 
subjected to overgrazing, trampling, deforestation, stone quarrying, 
constructional activities and other anthropogenic activities 
Deforestation 
 Overall the deforestation activities in the study area were quite 
apparent. As per the official records of the Forest Department (Divisional 
Forest Department Chadoora, J&K Govt.), the timber extraction was 
estimated to be 13869 cft for 2009-10 and 16135 cft for 2010-11 (Table 35 
and Fig. 28). These estimates are certainly very low as compared to the 
actual ones as smuggling of timber is the routine practice in the area, being 
manifold. Similarly, firewood collection is again many times higher than the 
official quoted data (Table 36 and Fig. 29). The data on the impact of 
deforestation on tree species at the study sites based on Importance Value 
Index (IVI) of the tree species is presented in Table 34. The forest vegetation 
community appeared to be in varied stages of development in the area. Site-
wise variation revealed that at near village (NS) site, the Importance Value 
Index (IVI) was maximum for Pinus wallichiana (126.7), followed by Abies 
pindrow (80.3), Salix sp. (43.0), Robinia psedoacacia (27.9) and Ulmus 
villosa (23.0) and at riparian forest (RS) site, the IVI was maximum for 
Abies pindrow (156.6), followed by Pinus wallichiana (118.6) and Salix sp. 
(24.7). The IVI for dam forest (DS) site and protected forest (PS) site was 
maximum 203.4 and 256.0 for Pinus wallichiana and least 94.54 and 43.94 
was for Abies pindrow respectively.  It is evident that the sites (I & II) are 
not protected and are subjected to more anthropogenic stress than dam forest 
(DS) site and protected forest (PS) site as is indicated from the IVI of tree 
vegetation being maximum at protected sites (III & IV).  
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Impact of grazing intensity on herbaceous vegetation 
 The area encompassing Branwar forest is sparsely populated by 
humans but is in close proximity with few villages having a fairly rich 
livestock population of 7110 animals comprising 3727 sheep, 610 goats and 
2773 cattle (Table 37 and fig. 30), but the number may be much higher 
because the number of livestock owned by Gujars and Bakerwals living 
within the forest was not available. The data on productivity estimates at the 
study sites are depicted in Table 38 and fig. 31 & 32. An insight of the data 
showed that for near village (NS) site the aboveground biomass varied 
between a maximum of 270.00 g m
-2
 in autumn and a minimum of 162.20 g 
m
-2
 in spring. At riparian forest (RS) site the aboveground biomass varied 
between 280.00 g m
-2
 and 166.40 g m
-2
 similarly for dam forest (DS) site 
and protected forest (PS) site the above ground biomass varied between a 
maximum of 370.00 g m
-2
 and 398.00 g m
-2
  and a minimum of 245.00 g m
-2
  
and 266 g m
-2
  respectively. The highest values of productivity of 159.60 
g/m
2
/year was recorded for protected forest (PS) site, followed by 143.40 
g/m
2
/year for dam forest (DS) site , 112.00 g/m
2
/year for near village (NS) 
site and 108.00 g/m
2
/year for riparian forest (RS) site. 
Resource utilization  
 The people of the region, being dependent on biomass, have been 
living in close association with the flora of the forest from times 
immemorial. They use the plant resources not only for house building, 
timber, agriculture implements, food, fodder and other uses. 
Other anthropogenic pressures 
 Other human pressures which are also destabilizing and degrading the 
forest soil and vegetation include stone extraction, construction of small 
water storing dam and power generating house for small scale hydro power 
generation operating within the forest area. The forest area of 143.18 
hectares stands sanctioned to the power project and to other constructional 
activities by the Forest Department, J&K Govt. (Forest division, Chadoora). 
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Besides a network of roads is also being constructed near and within the 
forest which will also brings habitat fragmentation.  
 
 
Table 34. Impact of deforestation on tree species at the study sites based 
on Importance Value Index (IVI) of the tree species. 
S. No. Name of the tree species IVI IVI 
Protected areas Unprotected 
areas 
NS RS DS PS 
01. Abies pindrow 80.3 156.6 96.54 43.94 
02. Pinus wallichiana 126.7 118.6 203.4 256.0 
03. Robinia psedoacacia 27.9    
04. Salix sp. 43.0 24.7   
05. Ulmus villosa 23.6    
 
 
 
 
Fig. 27. Importance Value Index of various tree species at the study 
sites. 
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Table 35. Out-turn of timber in cubic feet during 2009-10 and 2010-11 
at different study site of Branwar forest. 
S.No. Sites 2009-10 2010-11 
01. Site I & II 12509 15306 
02. Site III & IV 1360 829 
03. Total 13869 16135 
Source: Divisional Forest Office, Chadoora 
 
 
 
 
 
Fig. 28. Out-turn of timber in cubic feet during 2009-10 and 2010-11 at 
different study sites of Branwar forest. 
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Table 36. Out-turn of firewood (fuel) in quintals during 2009-10 and 
2010-11 at different study sites of Branwar forest. 
S.No. Sites 2009-10 2010-11 
01. Site I & II 1018 1185 
02. Site III & IV 475 329 
03. Total 1493 1514 
Source: Divisional Forest Office, Chadoora 
 
 
 
 
 
Fig. 29. Out-turn of firewood in quintals during 2009-10 and 2010-11 at 
different study sites of Branwar forest. 
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Table 37. Population estimates of livestock of different villages near 
Branwar forest during 2010-11. 
S. No. Village Sheep Goat Cattle Total 
01. Branwar 968 346 936 2250 
02. Bonen 493 107 380 980 
03. Surasyar 842 98 560 1500 
04. Dadampora 1424 59 897 2380 
06. Total 3727 610 2773 7110 
Source: Sheep and Animal Husbandry Department, J&K Govt. 
 
 
Fig. 30. Population estimates of livestock of different villages of 
Branwar forest during 2010-11. 
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Table 38. Variation in the biomass production (g/m
2
) of herbaceous 
vegetation at different study sites during different seasons of 2010. 
S.No. Seasons Site I (NS) Site II (RS) Site III (DS) Site IV (PS) 
AGB 
(g/m
2
) 
ANP AGB 
(g/m
2
) 
ANP AGB 
(g/m
2
) 
ANP AGB 
(g/m
2
) 
ANP 
  108.00  112.00  186.60  196.80  
01. Spring 162.20 54.20 166.40 54.40 245.00 58.40 266.00 69.20 
02. Summer 226.60 64.40 210.20 43.80 296.50 51.50 330.30 64.3 
03. Autumn 270.00 43.40 280.00 69.80 370.00 73.50 398.00 67.7 
04. Winter 210.00 -50.00 220.00 -60.00 330.00 -40.00 356.40 -41.6 
05. Total  112.00 
g/m
2
/y 
 108.00 
g/m
2
/y 
 143.4 
g/m
2
/y 
 159.6 
g/m
2
/y 
AGB = Above ground Biomass & ANP = Above-ground Net Productivity. 
 
 
 
Fig. 31. Seasonal variation in the above ground biomass of herbaceous 
vegetation at various sites of Branwar forest during 2010-11. 
 
 
 
Department of Environmental Science, University of Kashmir.  129 
 
 
 
 
 
 
Fig. 32. Primary Productivity (g/m
2
/year) of herbaceous vegetation at 
various sites of Branwar forest during 2010-11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Department of Environmental Science, University of Kashmir.  130 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER – 6 
DISCUSSION   
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The Sustainability of forest ecosystem is greatly influenced by the 
presence of plant species therein. Species diversity in a forest is influenced 
by various factors like climate, altitude, soil and intensity and magnitude of 
various biotic Stresses. The forest ecosystems of Kashmir Himalaya are very 
complex and fragile for having varied topography. Therefore, many 
problems are confronted with which are greatly affected the conservation 
and management of natural resources, such as soil, water, land and forests, 
in this region. Under these circumstances, it is important to study major 
forest resources of the region, not only to protect the environment but also to 
provide the basic needs of the people residing nearby, further the growing 
demands for the increasing population have created various disturbances in 
the existing forests resulting in the deterioration of soil quality and above all 
loss of biodiversity. Therefore it becomes imperative to study the ecology of 
forests in relation to soil dynamics. The present study titled, ‘‘Edaphic 
Factors and Plant Community Organization in Branwar Forest of Kashmir 
Himalaya” was conducted from Spring 2010-Spring 2011 in order to assess 
the edaphic factors and plant community organizational attributes of the 
forest ecosystem in the region. 
 Soil is vital to forest ecosystems and determine the distribution, 
abundance, competitive ability and productivity of plant species. The 
composition and the nutrient regime of soils are the most significant 
conditions for the regeneration and successional dynamics of forests 
(Rozhkov and Karpachevskii, 2006). Forest soils are important for 
maintaining the normal nutrient cycling (Ingham et al., 1986) and make soil 
physico-chemical conditions favorable for plant growth (Bargali et al., 
1998). 
 Soil being the most important medium for plant growth revealed 
marked variations in various physical and chemical characteristics under 
different vegetational covers during the present study. In the present study it 
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was noted the soil temperatures decreased as tree cover increased. Open 
forest sites such as near village (NS) site and riparian forest (RS) site had 
high soil temperatures as compared to other two protected sites. Increase in 
the absorption of solar radiations by mineral soils due to lesser forest cover 
has led to the warming of the soil, which in turn caused increased soil 
temperatures (Schwendenmann, 2000; Brais et al., 2004; Palviainen et al., 
2004; Belleau et al., 2006). The shading and insulation afforded by the 
canopy buffer temperature extremes at the ground surface (Prescott, 2002). 
The distributional pattern of soil textural classes under different 
vegetational covers at different study sites revealed that with the decrease in 
the vegetation cover soils are left naked, thus becoming vulnerable to 
erosion, a process that deprives them of finer soil particles and gives them a 
silty loam characteristic (Buckman and Brady, 1967; Yadav, 1967). Soil 
texture exerts a strong influence on many hydrological and biogeochemical 
processes in forest ecosystems by affecting the ability of soils to retain 
carbon, water and other nutrient ions (Jenny, 1980). Further, difference in 
weathering rates, parent material, type of vegetation, and topography may 
have also influenced soil texture at the study sites due to change in 
microclimate conditions (Silver, 2000). As far as moisture content is 
concerned it was found that soils at dam forest (DS) site and protected forest 
(PS) site having high tree cover depicted higher values of moisture content 
as compared to the soils at less tree cover sites, near village (NS) site and 
dam forest (DS) site. This is due to the fact that both the forest and litter 
covers have conserving effect on soil moisture. The shady conditions that 
prevail in the forest floor due to canopy cover and overlying litter covers 
slows down evaporation and transpiration and thus results in the less loss of 
moisture (Elliot et al., 1997; Palviainen et al., 2004). Soil moisture controls 
plant growth through its function as a solvent and carrier of nutrients, its 
direct function as a nutrient, and its numerous relations to chemical 
processes and microbial activities in the soil. 
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 During the present investigation, it was found that the soils of dam 
forest (DS) site and protected forest (PS) site had more water retaining 
capacity as compared to near village (NS) site and riparian forest (RS) site. 
This is due to the fact that the former two sites contain finer soil particles 
than the later ones providing more film surface for the retention of water 
(Yadav and Pathak, 1986). Likewise, greater the proportion of colloidal 
constituents, clay and humus, the more water there will be held. The more 
absorptive power of soil colloids for water is due to the extremely large 
surface exposed by matter in the colloidal state. Thus, the water-retaining 
power of the soils is soil structure (i.e. the arrangement and compactness of 
particles) and the amount of expansible organic matter and colloidal clay. 
Organic matter affects water content directly by retaining water in large 
amounts on the extensive surface of its colloidal constituents and holding it 
like a sponge in its less decayed portions.  Higher values of Bulk density at 
site III (DS) and site IV (PS) correspond to higher organic matter values at 
these sites (Bargali et al., 1998). 
 The pH of the soils, in general, was slightly acidic to near neutral at 
all the study sites which is the typical of coniferous soils (De Vries et al., 
1995) and that is more favorable range for nutrient availability. However, 
increase in soil pH was observed at open forest site NS (site I) and site II 
(RS) than other sites during the present study. It could be attributed to 
decomposition of herbaceous litter at these sites, increase in the base cations 
and absence of fresh conifer litter due to the reduction in tree cover. Lower 
pH at site dam forest (DS) site and protected forest (PS) site may be due to 
addition of fresh conifer litter under the forest canopy cover at these sites. 
Conifer litter has low base cation content and upon decomposition results in 
increased inputs of hydrogen ions (Brais et al., 1995; Sariyildiz et al., 2005) 
thus reducing soil pH. Further, various studies have also shown that the litter 
quality changes soil pH differently with increasing acidity for coniferous 
species (Sariyildiz et al., 2005) and decreasing acidity for deciduous and 
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herbaceous litter (Raina et al., 2001: Xu et al., 2006). However variation 
occurred in pH at different study site. Natural soil acidification, due to root 
uptake of base cations, occurs when biomass accumulates under trees. 
Natural soil acidification is also reported to be due to production of acidic 
humus (Nilsson and Bergkvist, 1983; Falkengren-Grerup, 1987; Barnes et 
al., 1998). pH is important in determining the availability of many elements, 
because of its relationship to solubility and decomposition and is a good 
indicator of forest fertility (Black, 1968). Most of the macronutrients exhibit 
maximum availability at pH values between 6.5 and 7.5, although metallic 
ions are generally less available above pH 7.0. Optimum availability of 
nutrients for most plants appears to be between 6.0 and 7.0.  
 Soil electrical conductivity is useful as a relative measure of the total 
quantity of ions in the solution. The results indicated the variation in soil 
electrical conductivity values across all the sites. The lower electrical values 
exhibited by near village (NS) site and riparian forest (RS) site may be 
attributed to the lesser release of ions from mineral weathering under 
different temperature and moisture regimes (Kaushal et al., 1997). Soil EC is 
known to be influenced by a number of factors, including soil water 
capacity, concentration of ions in soil, type and amount of clay and soil BD 
(Brune and Doolittle, 1990). 
 Soil organic carbon, being the largest terrestrial carbon pool, plays a 
very significant role in the carbon balance of global terrestrial ecosystems 
(Chhabra and Dadhwal, 2005). The primary source of soil organic carbon is 
plant tissues. Under natural conditions, the tops and roots of trees, shrubs, 
grasses and other plant parts annually supplement large quantities of organic 
residue. Soil organic matter has a major influence upon site productivity 
because of its effect upon physical (BD, WHC), biological and chemical 
(CEC) properties of soil (Chen and Avaid, 1990). The mean values of soil 
organic carbon ranged from 2.62% to 6.94% for all the study sites. The 
present values are well within the range as reported for other temperate 
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forests in the western Himalayas (Raina et al., 2001; Jha et al., 2002). The 
higher concentration of organic carbon recorded at protected site dam forest 
(DS) site and protected forest (PS) site as attributed to the fact that low mean 
values of annual soil temperature coupled with good hydrated environment 
retarded the rate of decomposition of plant residue. The lower vegetation 
covers increases air movement and facilitates the oxidation of organic 
matter. The soil organic pool remains in a steady state equilibrium under 
native vegetation cover, but is sensitive to anthropogenic activities 
(Bhattacharyya et al., 2000). The conversion of natural vegetation to various 
land uses results in rapid decline in soil organic matter (Houghton, 1996). 
The higher accumulation of organic carbon in the forests has also been 
reported by Yadav (1963), Jha et al. (1984) and Gupta et al. (1991). 
 The soil organic matter is of great scientific interest for its role in 
maintaining soil productivity and as a source or sink for atmospheric carbon. 
Though forming only a small fraction of most forest soils, it exerts a 
profound impact on the physical and chemical properties of the soils. It 
functions as a store house of plant nutrients, supplying most of the nitrogen 
used in the annual growth of forest ecosystems. An accumulation of organic 
matter is not only beneficial to soil functions but also represents a 
sequestration of carbon from atmospheric carbon dioxide. Conversely, the 
practices leading to decline in soil organic matter content release co2 to 
atmosphere, the major green house gas, in addition to generally having a 
detrimental impact on productivity and soil resilience. In the present study 
the organic matter content was found to be higher at protected sites DS and 
PS and lower values of SOM were found at unprotected sites NS and RS. 
Gupta and Singh (1991) have also reported higher and different organic 
matter contents in the soils where better tree density and canopy coverage 
were maintained. In the plant materials the chief source of organic matter, 
generally contain the same group of substances (waxes, fats, resins, 
carbohydrates, lignins, proteins etc), but the proportion of these substances 
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in different plant are extremely variable, which together with the 
environmental factors materially affect the humification rate and in turn 
bring about variations in the form, quantity and distribution of organic 
matter in the soil. The observed decrease in soil organic matter for near 
village (NS) site and riparian forest (RS) site can be attributed to increased 
organic matter oxidation, losses from erosion and decreased quantity of 
plant residues (Djeque et al., 1992; Shiddieq and Badayos, 1992 and Post 
and Kwon, 2000). The highest soil OC content for dam forest (DS) site and 
protected forest (PS) site may be attributed to addition of fresh conifer litter 
from tree canopy and low soil temperatures, which may have resulted in 
slow decomposition and thus high accumulation of OM at these sites 
Loss of organic matter causes soil aggregates being crashed and 
consequently the finer particles are translocated to the lower depths, or 
moved to other areas via erosion and thus leave the course particles at the 
site. Chaudhary and Sandhu (1983) reported that variation in aggregate size 
could occur due to differences in texture and structure either naturally or by 
various anthropogenic stresses. 
 The process of nitrogen uptake by vegetation and its subsequent 
periodic return to soil as soil litter is one of the basic features of forest 
ecosystem. More than 90% of the soil nitrogen reserves are in the soil 
organic pool as a potential source of available nitrogen through 
mineralization (Xu et al., 1995). Inorganic nitrogen is the mobile pool in a 
forest ecosystem, but plays a decisive role in the forest production and the 
stability of the system. Soil nitrogen is supposed to be the most limiting 
nutrient in a majority of ecosystems (Fenn et al., 1998). The nitrogen 
contained in organic molecules in plants may either be rapidly mineralized 
or initially immobilized into microbial cells and later released by 
mineralization; often both processes occur concurrently. During present 
investigation, higher values for TKN reported at protected sites DS (site III) 
and PS (site IV) fallowed by site I (NS) and site II (RS), is due to the fact 
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that soils under higher vegetation cover accumulate higher amounts of 
organic matter. This is also due to the fact that nitrification rates under high 
vegetation cover are normally low because of the inhibition of nitrifiers by 
Acidity (Bormann and Likens, 1979). Increase in TN content, due to higher 
soil organic matter under high vegetation cover , has also been reported by 
Zinke (1962), Patric and Smith (1975), Nath and Deori (1976), Mroz et al. 
(1985), Gupta and Singh (1990) and Maggs and Hewett (1993). The removal 
of the canopy has been reported to increase nitrogen mineralization by 
increasing soil temperature (Marks and Bormann, 1972; Stone, 1973 and 
Harcombe, 1973), by increasing the frequency and intensity of wetting and 
drying cycles in the forest floor (Campbell et al., 1972), by increasing the 
availability of substrate for mineralization (Rice, 1979; Johnson and 
Edwards, 1979) and by decreasing resource competition between 
heterotrophs and mycorrhizae (Gadgil and Gadgil, 1978). Denitrification 
causes nitrogen loss from the ecosystem through the reduction of nitrate to 
nitrite and finally nitrogen gas. The difference in N forms (TKN & NO3-N) 
between the study sites indicated that decomposition rates were not constant 
between the study sites which may be due to variation in microclimatic 
conditions as well as other soil and site properties e.g. litter quality and 
quantity, soil organic carbon and matter, tree density and plant species 
diversity (Prescott, 1997; Piirainen et al., 2002; Palvianen et al., 2004). The 
difference in the quality and quantity of litter added at different study sites 
could also have changed the N levels in the soils. Singh et al. (1984) 
observed highest nitrogen content in the litter of Abies pindrow (1.47%) 
followed by Picea smithiana (0.82%) and Pinus Wallichiana (0.77%). Out 
of these three only first and last species were present at all the sites. Further, 
tree species throughfall might have also lead to the apparent difference in N 
values as different trees have been shown to influence the throughfall 
chemistry (Likens and Bormann, 1999 and Berger et al., 2009). 
Department of Environmental Science, University of Kashmir.  138 
 
 The main source of soil phosphorus is weathering of soil minerals. It 
is available over a narrow range of pH than nitrogen with availability 
declining above pH 7.5 and below ph 6.5 (Troug, 1947). In acidic soils (pH 
less than 5.0)), phosphorus in the form of H2PO4
¯ 
form reacts with iron and 
aluminium and at pH 6.5 it reacts with calcium to form respective insoluble 
complexes, although there is generally not a great amount of free calcium in 
the soil until the pH rises to 7.0 or above. Maximum availability occurs at 
pH 6.5. As a result of these processes, phosphorus is found only at very low 
levels in the soil solution and is, therefore, less subjected to leaching and 
many forest plants depend upon mycorrhizal association to obtain the 
phosphorus they need. Chen et al. (2000) reported that ectomycorrhizal 
fungi associated with the roots of pine trees play a key role in P uptake, not 
only through developed hyphae, but also by enhancing the mineralization of 
organic P in soil by extracellular phosphatases. The available phosphorus 
showed decrease with decreasing vegetation cover. This is because of losses 
by leaching, plant removal and surface run off. Plants not only take up P 
from the soil but also exert significant effect on soil P availability and 
dynamics through litter fall, root turnover and exudation and specific 
interactions with microbes in the rhizosphere (Chen et al., 2004). 
Phosphorus distribution pattern strongly depends upon the biochemical 
activity in the soil as well as on its own chemical behavior in the given 
conditions. Mandal et al. (1990) have also reported that the distribution of 
phosphorus fallowed no definite trend, though soils at higher altitudes 
showed higher available phosphorus content. Similar observations have also 
been reported by Sanchez (1976) and Gilmore and Mattis (1981). 
 Reduction in exchangeable base cations in coniferous forest soils has 
been reported from north America (Drohan and Sharp 1997; Likens and 
Bormann, 1999), Europe (Egli, 1998; Blake et al., 1999) and Asia 
(Takahashi et al., 2001) mainly due to acid deposition, leaching, uptake by 
forest vegetation, forest harvesting and by declining inputs of base cations 
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from atmospheric deposition (Yanai et al., 1999). During the present study, 
among the exchangeable cations Ca was dominant fallowed by Mg while Na 
and K recorded the least content at all the study sites as has been similarly 
reported by others in coniferous forests (Raina et al., 2001; Kaushal et al., 
1997; Schwendenmann, 2000). 
 Calcium and magnesium in soils originate largely from the 
weathering of primary minerals. In alkaline soils they may accumulate as 
free carbonates, where in acidic soils in humid climates much of the Ca and 
Mg released by weathering may be leached out of the soil. Ca is found on 
cation exchange sites and also in soil solution. Mg, being a key covalently-
bonded element of chlorophyll, accounts for 10-15% of the Mg contained in 
the leaves (Kimmins, 1987). These exchangeable cations (Ca and Mg) were 
high for the soils of protected forest (PS) site dam forest (DS) site which had 
good tree cover as compared to other sites. The loss of Ca and Mg bases 
from near village (NS) site and riparian forest (RS) site is due to removal of 
vegetation cover which induces rapid oxidation of organic matter and the 
carbon dioxide thus liberated hastens the leaching of calcium, magnesium 
and other soluble elements. These destructive processes reduce the fertility, 
porosity and looseness of the surface soil decreasing its ability to absorb 
water and make the conditions adverse for plant growth.  
 During the present investigation, it was found that the K content, in 
general, showed lower values for the soils at the sites with low tree density 
which is attributed to the fact that the soils under trees release more K due to 
dissolution of minerals in presence of organic acids. The levels of K in these 
soils were in conformity with the findings of Yadav (1963) and Mathur and 
Bhatnagar (1964). Boyle and Voigt (1973) found that organic acids exuded 
by pine roots and associated fungi weathered primary silicate minerals and 
released K in available form. 
 Although the study sites were adjacent to each other yet there were 
differences in plant species composition (trees, shrubs and herbs) and 
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content of various soil particle sizes, which could have caused the 
differences in exchangeable cations values observed between the studied 
forest sites (Finzi et al., 1998; Berger et al., 2009). Singh et al. (1984) 
reported that annual base cations (Ca, K and Na) released through litter-fall 
in coniferous species was highest for Picea smithiana followed by Abies 
pindrow and least by litter of Pinus wallichiana. The contribution of 
coniferous litter to exchangeable bases of soils has also been reported by 
Chaturvedi and Singh (1987) and Kaushal et al. (1997). 
 
 
The plant community organizational analysis of the study area 
revealed a total of 76 plant species belonging to 59 genera and 28 families. 
A total of 5 tree species, 7 shrub species and 64 herb species were recorded 
at all the study sites. Out of 76 species recorded 31 species were common to 
all the study sites, which include 2 tree species (Pinus wallichiana and Abies 
pindrow), 1 shrub species (Indigofera heterantha) and 28 herb species. 
Highest number of plant species recorded at all the study sites belonged to 
Lamiaceae (9) followed by Asteraceae (7), Paplionaceae (7), Poaceae (7), 
Rosaceae (6), Caryophyllaceae (4), Scrophulariaceae (4), Brassicaceae (3) 
Boraginaceae, Balsaminaceae, Caprifoliaceae, Geraniaceae, Oxalidaceae, 
Pinaceae, Plantaginaceae, Polygonaceae, Primulaceae, Ranunculaceae and 
Violaceae were represented by only two species each, while as Apiaceae, 
Araceae, Berberidaceae, Chenopodaceae, Gentianaceae, Hamamelidaceae 
Malvaceae, Salicaceae, Ulmaceae were represented by one species each. 9 
species were restricted in their distribution, being present only at one of the 
four sites. Out of these 3 and 6 species are restricted at site I (NS) and at site 
III (DS) respectively. 24 species are restricted to two study site, while as 11 
species are present at three site and the remaining 31 species occurred at all 
the study sites. The high percentage of common species may be due to 
presence of the study sites I, II, III & IV (NS, RS, DS and PS) adjacent to 
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each other and also to the fact that these sites were part of the same forest 
type (Bahera and Mishra, 2006). 
 The Sorensen’s similarity index based on all plant groups 
(Table 32) also showed highest degree of similarity between near village 
(NS) site and riparian forest (RS) site and between dam forest (DS) site and 
protected forest (PS) site. This may be due to the similar habitat conditions 
under forest canopy at these respective sites. Although near village (NS) site 
had also dense forest cover but high biotic interference at this site due to 
close proximity with habitations might have caused the difference in plant 
composition. 
The plant community organizational characteristic showed marked 
variation among trees in the same forest range and at different sites. Despite 
the lesser number of species of conifers, they comprised the dominant 
component of the forest vegetation extending through out its length and 
breadth. The broad-leaved species are restricted in distribution and generally 
occur at near village (NS) site and riparian forest (RS) site. The density of 
trees ranged from a minimum of 0.05 trees/10m
2
 at near village (NS) site to 
a maximum of 83 trees/10m
2
 at protected forest (PS) site which is a 
protected site. Among the tree species Pinus wallichiana had the highest 
density at all the sites except at riparian forest (RS) site, where Abies 
pindrow had the highest density, frequency and abundance fallowed by 
Pinus wallichiana. The lowest density (0.05 trees/10m
2
), frequency (2.5%) 
and abundance (1.0) were observed for Ulmus villosa at near village (NS) 
site. The density and abundance of tree species at different study sites was in 
the order of NS<RS<DS<PS, while frequency was in the order of 
NS<PS<DS<RS. Deforestation at near village (NS) site and riparian forest 
(RS) site resulted in open area receiving direct sunlight and high biotic 
interference due to grazing may have not allowed conifers tree species to 
develop to a greater extent at these site (Saxena, 1979; Ralhan et al., 1982; 
Saxena and Singh, 1982 and Singhal et al., 1986; Negi and Nautiyal, 2005). 
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 The total shrub population varied considerably among the selected 
sites. Near village (NS) site and riparian forest (RS) site showed the richest 
shrub populations compared to dam forest (DS) site and protected forest 
(PS) site which were poorest in this regard. The structural characteristics like 
density and abundance showed marked variation among different sites. 
Higher values of density were found for Indigofera heterantha at near 
village (NS) site and riparian forest (RS) site. In contrast to tree species, the 
density and number of shrubs increased due to less tree cover at near village 
(NS) site and riparian forest (RS) site. The highest density and number of 
shrubs at near village (NS) site and riparian forest (RS) site may be due to 
their development before the tree saplings evolved in the area. High density 
at near village (NS) site and riparian forest (RS) site may be due to less 
competition by trees, while less density of shrubs at dam forest (DS) site and 
protected forest (PS) site may be due to less space available for shrubs to 
evolve because of dominance of tree species at these sites (Bahera and 
Mishra, 2006). 
 The density of herb species ranged from a minimum of 0.07 
individuals/ m
2
 at near village (NS) site and riparian forest (RS) site to a 
maximum of 279 individuals /m
2 
at near village (NS) site. The highest 
density (279 individuals /m
2
), frequency (93%) and abundance (316.2) were 
observed by Cynodon dactylon fallowed by Poa pratensis, while as the 
lowest density (0.07 individuals /m
2
) and frequency (3.0) were observed by 
Stachys floccosa and Potentilla nepalensis at near village (NS) site and 
riparian forest (RS) site respectively and the lowest abundance of (0.1) was 
observed by Arabis sp. at near village (NS) site. Although, total number of 
herb species was highest at dam forest (DS) site (55) as compared to other 
forest cover types due to more space available under tree canopy, which 
allowed both the shade loving and open area species to develop at this site, 
the density of herbs was highest at dam forest (DS) site and protected forest 
(PS) site than other sites. The high density of herbs at near village (NS) site 
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and riparian forest (RS) site may be attributed to favorable light, temperature 
and moisture conditions and relatively high organic matter and nutrients at 
these sites, which allowed the invasion and subsequent establishment of 
many grasses and herbs which propagate mostly through rhizome and spread 
through wind dispersed seeds (Bahera and Mishra, (2006). Whittaker (1972) 
reported a negative relationship between canopy cover and herbaceous 
density, which indicate that density of herbs decreased with increase in the 
tree cover as was also observed in the present study. 
 The pattern of the percentage frequency values evaluated for the 
study sites appeared to be not exactly in tune with the normal law of 
frequency by Raunkiaer (1938). The proportion of species belonging to class 
A (having frequency of <20%) was maximum. Thus, the frequency 
distribution was quite aberrant. These findings clearly indicate that at all the 
sites the plant species were irregularly distributed i.e., these are 
heterogeneous. Similar results were also obtained by Pande and Shukla 
(2005). 
 Importance value index (IVI) is most important description of 
community organization and also helps to characterize the ecological 
success of a species so as to recognize the pattern of association of dominant 
species in a community (Curtis, 1959; Pandey, 2003). 
 The IVI of the tree species indicated that Pinus wallichiana was 
dominant at all the study sites except at riparian forest (RS) site where most 
dominant species was Abies pindrow having IVI of 156.6 followed by P. 
wallichiana (IVI of 118.6). P. wallichiana had the highest IVI at protected 
forest (PS) site (256.0), dam forest (DS) site (203.4), near village (NS) site 
(126.7) and riparian forest (RS) site (118.6) respectively. The IVI values 
ranged from a minimum of 23.6 at near village (NS) site for Ulmus villosa to 
a maximum of 256.0 at protected forest (PS) site for P. wallichiana. The 
lowest IVI for the tree species was recorded for Ulmus villosa (23.6) at near 
village (NS) site, Abies pindrow (156.6) at riparian forest (RS) site, P. 
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wallichiana (203.4) at dam forest (DS) site and P. wallichiana (256) at 
protected forest (PS) site. Abies pindrow was the co-dominant specie with 
respect to IVI at DS (96.5) and PS (43.9) sites (Fig. 21-22) while as Robinia 
psedoacacia and P. wallichiana was the co-dominant species at NS (126.7) 
and RS (118.6) sites respectively  
The IVI of the shrub species indicated that Indigofera heterantha was 
dominant at all the study sites except at dam forest (DS) site and protected 
forest (PS) site where most dominant species was Vibernum grandiflorum 
having IVI of 157.7 and 213.9 followed by Vibernum foeteuns (IVI of 62.9) 
and Indigofera heterantha (65.12). Vibernum grandiflorum had the highest 
IVI at protected forest (PS) site (213.9) and at dam forest (DS) site (157.7) 
followed by Indigofera heterantha at Site I (164.9) and riparian forest (RS) 
site (162.3). The IVI values ranged from a minimum of 14.1 at riparian 
forest (RS) site for Rosa webbiana to a maximum of 213.9 at protected 
forest (PS) site for Vibernum grandiflorum. The lowest IVI for the shrub 
species was recorded for Rosa webbiana (14.1) at riparian forest (RS) site, 
Cotaneaster rosea (17.3) at dam forest (DS) site, Berberis lycium (18.2) at 
near village (NS) site and Parrotiopsis jacquemontaina (20.73) at protected 
forest (PS) site. 
The IVI of the herb species indicated that Cynodon dactylon was 
dominant at all the study sites except at dam forest (DS) site and protected 
forest (PS) site where most dominant species was Poa pratensis and Poa 
perennis having IVI of 90.9 and 83.12 respectively. The IVI of herb species 
indicated that the low vegetation cover especially tree cover has caused a 
shift in the dominance from shade tolerant species to shade intolerant 
species. Cynodon dactylon is commonly found in open disturbed grasslands 
(Kaul and Sapru, 1973) as they require more light for growth (Dar and 
Naqshi, 2002) was also dominant species at near village (NS) site and dam 
forest (DS) site, which are more open than other sites. Further, due to its 
high reproductive capacity it spreads more rapidly forming a continuous mat 
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thus, outcompeting the other species. Probably this was the reason for the 
shift of dominance of species from near village (NS) site and riparian forest 
(RS) site to dam forest (DS) site and protected forest (PS) site, where growth 
of tree canopy was more, thus reducing light penetration to the ground level 
(Bahera and Mishra, 2006). Further, low temperatures and accumulation of 
litter under the forest canopy favored only those plant species adapted to 
these types of conditions. Poa pratensis and Poa perennis, common grasses 
found in the region were dominant species at dam forest (DS) site and 
protected forest (PS) site in the present study. On the basis of IVI the 
fallowing association of plant communities based on dominant species at the 
selected sites can be observed. 
 
 
Sites    Dominant Plant Composition 
Site I (NS) : Pinus Wallichiana-Indigofera heterantha-Cynodon Dactylon. 
Site II (RS) : Abies pindrow-Indigofera heterantha-Cynodon Dactylon.  
Site III (DS) : Pinus Wallichiana-Vibernum foeteuns-Poa pratensis. 
Site IV (PS) : Pinus Wallichiana-Vibernum grandiflorum-Poa perennis. 
 
The analysis of distribution pattern (A/F ratio) in the present study 
revealed that the plant forms (trees and shrubs) observed contagion 
distribution at all the study sites except two shrub species (Berberis lycium 
and Rosa webbiana) at near village (NS) site where they showed regular 
distribution. In general, contagious distribution in natural vegetation has 
been reported by several workers (Ralhan et al., 1982; Singh et al., 1991). 
Odum (1971) stressed that contagious (clumped) distribution is the 
commonest pattern in nature and it is due to small significant variations in 
the environment. Regular distribution occurs were severe competition 
between the individuals exists.  
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Most Ecologist are convinced that species diversity is important for 
the stability and proper functioning of ecosystems (Schlapfer et al., 1999; 
Tilman, 1997), however, with increasing disturbance in the forests the plant 
species diversity, richness and evenness are significantly reduced (Dar and 
Kaul, 1987; Rad et al., 2009). Species diversity refers to the variation that 
exists among the different forms. Diversity is considered to be an outcome 
of the co-evolution of species in a biogeographic region. It is often 
considered to be a synthetic measure of the structure, complexity, stability 
and proper functioning of ecosystems (Schlapfer et al., 1999). In the present 
study low tree species diversity index was found at all the sites as compared 
to diversity indices reported for temperate forests. The concentration of 
dominance (C) followed almost inverse relation to species diversity. 
Whittakar (1965) and Risser and Rice (1971) have reported values of 
concentration of dominance in the range of 0.10 to 0.99 and 2 to 3 as the 
highest range of diversity index for certain temperate forests. Extreme 
coniferous have been reported to contain lower species diversity and high 
concentration of dominance than evergreen or deciduous broad leaved 
forests (Wangda and Ohsawa, 2006). The decrease in Shannon-Wiener 
diversity index seems mainly due to equitability. The Shannon-Wiener 
diversity index is more sensitive to equitability than to richness after a fairly 
large number of species has accumulated. Even if species numbers 
(richness) remain the same in later stages of succession, it is unclear what 
will happen to equitability (Reiners, 1992). The increase in shrub diversity 
and evenness at near village (NS) site and riparian forest (RS) site may be 
due to less competition and availability of more space due to less vegetation 
(Bahera and Mishra, 2006). The results also indicate that the richness and 
evenness values can be sometimes misleading when lower number of tree 
species is present and dominance is shared by single species. 
The forest community structural characteristics like frequency, 
density and abundance showed marked variations between the study sites. 
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The Importance Value Index (IVI) of the tree species at the protected sites 
depicted higher values against the unprotected sites. The plant biomass 
varied considerably through different seasons in both the protected and 
unprotected sites. The highest values of biomass during summer and autumn 
are due to the presence of more number of species which could further be 
attributed to the fact that more hospitable situations were created facilitating 
their phenotypic development and thus increasing their population. The 
adverse effects of grazing were compounded by the fact that grazers were 
found to consume not only the leaves and stems but also the inflorescence of 
the plant species. The removal of organic matter in the form of herbage 
biomass and trampling by grazers has caused edaphic changes and 
consequently the vegetal changes at the grazed sites. The above findings are 
further corroborated by the work of other investigators while studying the 
effect of grazing on structure and productivity of vegetation (Upadhaya, 
2002 and Lone and Pandit, 2007). Contrary to the present study, Chakravarti 
and Bhati (1971) observed no significant decrease in plant cover due to 
grazing in afforested dunes of Rajasthan although the author noted that some 
of the species decrease in their coverage against an increase in others.  
The different vegetation types have been found to influence the soil 
in different extents. Trees and other plant species influence the physical and 
chemical properties of the soil by several mechanisms. Differences in litter 
quantity and nutrient status, root nutrient uptake and activity, interception of 
atmospheric deposition, canopy interaction, rock weathering and leaching 
can cause difference in the physical and chemical characteristics of top soils 
under various canopy cover (Alexander, 1963; Clayton, 1979; Van Hook et 
al., 1982; Binkley and Richter, 1987; Binkley et al., 1989; Finzi et al., 1990; 
August et al., 2002; Hagen-Thorn et al., 2004). Nutrient availability on the 
other hand, is a dynamic attribute which is difficult to define and even more 
difficult to predict. 
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The results of the present study indicate that a multitude of ecological 
stresses have disturbed the forest ecosystem as reflected by variability in soil 
characteristics and plant community organizational features. The mild 
disturbances increase the species diversity, richness and evenness while 
severe disturbance lead to a decrease in these variables for all types of 
vegetal zones. On the other hand, the reduction in vegetation cover due to 
various factors not only makes the soils prone to erosion but also lead to loss 
of major plant nutrients due to leaching.  
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The differences in soil physical and chemical properties observed 
between different forest study sites were presumably due to difference in 
vegetation cover, types, distribution of different plant species present, 
variation in soil organic matter content, textural classes, and other 
microclimatic conditions present at respective sites. The different physical 
and chemical properties observed during the present study were within the 
range reported for other coniferous temperate forests. Higher values for most 
of the soil properties were recorded at protected forest site of dam/dense 
forest (DS) site (III) and protected forest (PS) site (IV), while near forest 
(NS) site (I) and riparian forest (RS) site (II) exhibited lower values. Most of 
the soil properties also showed seasonal variation during the present study. 
The study area being mountainous (hilly physiography) the soil depth in 
general was shallow, barring some reaches where runoff and slope resulted 
in further decrease in soil profile depth. 
1. Decreased vegetation cover caused an increase in soil temperature at 
near village (NS) site and riparian forest (RS) site when compared to 
other two sites of dam forest (DS) site and protected forest (PS) site,. 
2. Decrease in vegetational cover at near forest (NS) site and riparian 
forest (RS) site had left soils naked/denuded thus becoming vulnerable 
to erosion resulting in silty loam and sand clay loam textural classes as 
compared to other two sites where good vegetation cover and 
accumulation of humus due to litter deposition resulted in clay loamy 
soils, thus influencing various other related soil properties such as 
moisture content, bulk density, organic matter etc. 
3. An increase in soil pH at protected sites (DS and PS) than other sites 
(NS and RS) may be attributed to the rapid decomposition of litter, 
increase in base cations, and absence of fresh litter, high aeration and 
high temperature due to reduction in tree cover. 
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4. The higher content of organic matter recorded at protected site (DS 
and PS) may be attributed to the fact that higher vegetation cover 
results in addition of fresh conifer litter from tree canopy and low soil 
temperature, which may have resulted in slow decomposition and thus 
high accumulation of organic matter at these sites as compared to 
unprotected sites (NS and RS) where lower vegetation cover increases 
air movement and facilitates the oxidation of OM, moreover less 
coniferous litter is added. 
5. Higher values for TKN reported at protected sites of dam forest (DS) 
site (III) and protected forest (PS) site (IV) as compared to unprotected 
sites near village (NS) site (I) and Riparian forest (RS) site (II), were 
due to the fact that soils under higher vegetation cover accumulate 
higher amounts of organic matter and nitrification rates under high 
vegetation cover are normally low because of the inhibition of 
nitrifiers by Acidity. The removal of the canopy at unprotected sites 
(NS and RS) might have resulted an increase in nitrogen 
mineralization by increasing soil temperature, by increasing the 
frequency and intensity of wetting and drying cycles in the forest 
floor, by increasing the availability of substrate for mineralization and 
by decreasing resource competition between heterotrophs and 
mycorrhizae.  
6. The difference in N forms (TKN and NO3-N) between the study sites 
indicated that decomposition rates were not constant between the 
study sites which may be due to variation in microclimatic conditions 
as well as other soil and site properties e.g. litter quality and quantity, 
soil organic carbon and matter, tree density and plant species diversity. 
The difference in the quality and quantity of litter added at different 
study sites could also have changed the N levels in the soils. Further, 
tree species throughfall might have also lead to the apparent difference 
Department of Environmental Science, University of Kashmir.  152 
 
in N values as different trees have been shown to influence the 
throughfall chemistry. 
7.  The available phosphorus showed decrease with decreasing 
vegetation cover. This is because of losses by leaching, plant removal 
and surface run off. Plants not only take up P from the soil but also 
exert significant effect on soil P availability and dynamics through 
litter fall, root turnover and exudation and specific interactions with 
microbes in the rhizosphere. Phosphorus distribution pattern strongly 
depends upon the biochemical activity in the soil as well as on its own 
chemical behavior in the given conditions.  
8. Reduction in exchangeable base cations in coniferous forest soils may 
be attributed mainly to acid deposition, leaching, uptake by forest 
vegetation, forest harvesting and by declining inputs of base cations 
from atmospheric deposition. The exchangeable cations (Ca and Mg) 
were high for the soils at protected forest (PS) site (IV) and dam forest 
(DS) site (III) which harboured good tree cover as compared to other 
sites. The loss of Ca and Mg bases from near village (NS) site and 
riparian forest (RS) site may be due to removal of vegetation cover 
which induces rapid oxidation of organic matter and the carbon 
dioxide thus liberated hastens the leaching of calcium, magnesium and 
other soluble elements. These destructive processes reduce the 
fertility, porosity and looseness of the surface soil decreasing its 
ability to absorb water and make the conditions adverse for plant 
growth. 
9. During the present investigation, it was found that the K content, in 
general, showed lower values for the soils at the sites with low tree 
density, near village  (NS) site and riparian forest (RS) site, which is 
attributed to the fact that the soils under trees release more K due to 
dissolution of minerals in presence of organic acids. Although the 
levels of K in these soils were in conformity also organic acids exuded 
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by pine roots and associated fungi weathered primary silicate minerals 
and released K in available form. 
10.  Although the study sites were adjacent to each other yet these 
represented different microclimates, there were differences in plant 
species composition (trees, shrubs and herbs) and content of various 
soil particle sizes, which could have caused the differences in 
exchangeable cation values observed between the studied forest sites. 
The annual base cations (Ca, K and Na) released through litter-fall in 
coniferous species was highest for Picea smithiana followed by Abies 
pindrow and least by litter of Pinus wallichiana. 
11. A total of 76 plant species belonging to 59 genera and 28 families 
were recorded from the study area which include 5 tree species, 7 
shrub species and 64 herb species .  
12. Out of 76 species recorded 31 species were common to all the study 
sites, which include 2 tree species (Pinus wallichiana and Abies 
pindrow), 1 shrub species (Indigofera heterantha) and 28 herb species. 
13. Both the unprotected site near village site (44) and riparian forest site 
(39) had lower number of plant species than other two sites of which 
36 species were common to both the sites. 
14.  The higher  number of plant species were recorded at dam forest (DS) 
site (64) and at protected forest (PS) site (52) than other sites of which 
47 species were common which may be attributed to the availability of 
various nutrients, favorable climatic conditions, soil type and 
physiography. 
15.  The density of tree species was reduced to a considerable extent at 
unprotected sites of near village (NS) site and riparian forest (RS) site 
than other two sites were as there was higher shrub and herb density 
which may be attributed to the availability of space and sunlight due to 
low vegetation cover. 
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16. The Sorensen’s similarity index based on all plant groups also showed 
higher degree of similarity between near village (NS) site and Riparian 
forest (RS) site and between dam forest (DS) site and protected forest 
(PS) site. This may be due to almost identical physico-chemical 
properties and similar habitat conditions under forest canopy at these 
respective sites.  
17. The analysis of distribution pattern (A/F ratio) in the present study 
revealed that the plant forms (trees and shrubs) observed contagion 
distribution at all the study sites except two shrub species (Berberis 
lycium and Rosa webbiana) at site I (NS) where they showed a regular 
distribution. The contagious (clumped) distribution is the commonest 
pattern in nature and it is due to small significant variations in the 
environment.  
18. In the present study low tree species diversity index was found at the 
unprotected sites of near village site and riparian site compared to the 
protected sites of dam forest site and protected forest site. With 
increasing disturbance in the forests the plant species diversity, 
richness and evenness are significantly reduced. The increase in shrub 
diversity and evenness at near village (NS) site and riparian forest 
(RS) site may be due to less competition and availability of more 
space due to less vegetation. The results also indicate that the richness 
and evenness values can be sometimes misleading when lower number 
of tree species is present and dominance is shared by single species. 
19. Lower values of soil nutrients and difference in physical properties 
resulted in low vegetation cover caused decrease in the species 
diversity of trees and increased that of shrubs, while intermediate 
values were observed for herbs. Lower values of H, C, N, other 
nutrients, richness and evenness at unprotected sites of near village 
(NS) sites and riparian forest (RS) site indicates that natural forests are 
degraded because of lower vegetation cover that may be due to cutting 
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of trees, firewood collection, cattle grazing, road construction and 
other anthropogenic stresses that can be restored by providing 
protection which ultimately help in regeneration process. 
 
Table 39. Comparison of mean soil physico-chemical properties and 
various vegetational characteristics of different plant species at the 
study sites of Branwar forest. 
S.No. Sites NS RS DS PS 
A. Soil physico-chemical characteristics 
01. Temperature (0C) 10.58 10.80 9.36 9.52 
02. Soil type 
Silty Loam 
Sand Clay 
Loam 
Clay Loam Clay Loam 
03. Moisture content (%) 25.21 32.25 29.94 34.29 
04. pH 6.2 6.3 5.9 5.7 
05. Conductivity (µS/cm) 180 179 187 200 
06. Organic matter (%) 5.5 4.5 9.1 11.9 
07. Nitrogen (%) 20 13 36 40 
08. Available Phosphorus 
(µg/g) 
12.0 10.6 16.6 18.4 
09. Calcium (cmoles(+)/kg) 17.2 14.3 16.1 17.8 
10. Magnesium 
(cmoles(+)/kg) 
4.8 3.7 4.4 5.2 
11. Sodium (mg/kg) 104 104 131 135 
12. Potassium (mg/kg) 93.8 103 122 125 
B. Vegetational characteristics 
13. Dominant plant 
composition 
 
 Tree Pinus 
Wallichiana 
Abies 
pindrow 
Pinus 
Wallichiana 
Pinus 
Wallichiana 
 Shrub  Indigofera 
heterantha 
Indigofera 
heterantha 
Vibernum 
foeteuns 
Vibernum 
grandiflorum 
 Herb Cynodon Cynodon Poa Poa perennis 
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Dactylon Dactylon pratensis 
14. Density   
 Trees 2.29 14.05 21.8 86.9 
 Shrubs 7.1 6.4 5.3 2.8 
 Herbs 775 781 333 147 
15. A/F >0.05 >0.05 >0.05 >0.05 
16. Diversity (H)  
 Trees 1.190 0.844 0.564 0.161 
 Shrubs 1.115 0.875 0.823 0.559 
 Herbs 1.829 1.711 1.442 2.100 
17. Dominance (C)  
 Trees 0.285 0.435 0.563 0.749 
 Shrubs 0.360 0.350 0.366 0.560 
 Herbs 0.126 0.137 0.153 0.109 
18. Richness (R)  
 Trees 1.044 0.253 0.135 0.067 
 Shrubs 0.216 0.625 0.549 0.567 
 Herbs 0.530 0.512 1.340 1.622 
19. Evenness (E)  
 Trees 1.190 1.085 0.936 0.267 
 Shrubs 1.033 0.875 0.911 0.718 
 Herbs 1.005 0.947 0.706 1.080 
The different vegetation types have been found to influence the soil 
to different extents. Trees and other plant species influence the physical and 
chemical properties of the soil by several mechanisms. Differences in litter 
quantity and nutrient status, root nutrient uptake and activity, interception of 
atmospheric deposition, canopy interaction, rock weathering and leaching 
can cause difference in the physical and chemical characteristics of top soils 
under various canopy cover. Nutrient availability on the other hand, is a 
dynamic attribute which is difficult to define and even more difficult to 
predict. The results of the present study indicate that a multitude of 
ecological stresses have disturbed the forest ecosystem as reflected by 
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variability in soil characteristics and plant community organizational 
features. On the other hand, the reduction in vegetation cover due to various 
factors not only makes the soils prone to erosion but also lead to loss of 
major plant nutrients due to leaching.  
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